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Provided is a radio transmission device (100) which can flex 
ibly cope with a request for assuring an error ratio feature 
during a high transmission rate, a request for increasing a cell 
coverage, or the like. The radio transmission device (100) 
includes a first subcarrier modulation unit (104) which forms 
a first Subcarrier modulation signal obtained by converting a 
plurality of modulation signals into a frequency region; a 
second subcarrier modulation unit (105) which forms a sec 
ond Subcarrier modulation signal obtained by parallel con 
version of a plurality of signals; an IFFT unit (111) which 
forms an OFDM signal by performing inverse Fourier trans 
form on the first and the second Subcarrier modulation signal; 
and a Subcarrier mapping unit (110) which controls allocation 
of the first and the second Subcarrier modulation signals. 
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RADIO TRANSMISSION DEVICE AND 
RADIO RECEPTION DEVICE 

TECHNICAL FIELD 

0001. The present invention relates to a radio transmitting 
apparatus using a layered modulation technology, and a radio 
receiving apparatus that receives a signal thereof. 

BACKGROUND ART 

0002. In radio communication, layered modulation gener 
ally comprises a method whereby layering is achieved 
through combination with error correction or Suchlike encod 
ing, or a method whereby layering is achieved by modulation 
that physically places an information signal on a carrier sepa 
rately from encoding. 
0003. The method disclosed in Patent Document 1 is an 
example of the latter type of layered modulation method. 
With the layered modulation method disclosed in Patent 
Document 1, aband for OFDM transmission is divided into a 
plurality of frequency blocks, carrier modulation is per 
formed on each frequency block using a different modulation 
method, and OFDM modulation is performed via a combin 
ing circuit. 
0004 Specifically, an example of a conventional radio 
transmitting apparatus using the layered modulation method 
disclosed in Patent Document 1 will be described using FIG. 
1 and FIG. 2. As shown in FIG. 1, transmitting apparatus 10 
has switch 11, plurality of encoding sections 12-1 through 
12-3, plurality of carrier modulation sections 13-1 through 
13-3, combining circuit 14, IFFT (Inverse Fast Fourier Trans 
form) section 15, and control information synchronization 
circuit 16. 
0005 Switch 11 sends transmission data to one of plural 

ity of encoding sections 12-1 through 12-3. Plurality of 
encoding sections 12-1 through 12-3 encode transmission 
data using different encoding methods (for example, different 
coding rates). Plurality of carrier modulation sections 13-1 
through 13-3 modulate encoded data using different modula 
tion methods (for example, different M-ary modulation val 
ues). 
0006 Combining circuit 14 allocates subcarrier modula 
tion signals S1, S2, and S3 output from carrier modulation 
sections 13-1 through 13-3 to corresponding frequency 
blocks. IFFT section 15 generates an OFDM signal by 
executing an IFFT on combining circuit 14 output and control 
information synchronization circuit 16 output. Control infor 
mation synchronization circuit 16 outputs frequency block 
allocation information and a pilot signal. 
0007 FIG. 2 illustrates frequency block allocation by 
transmitting apparatus 10. Subcarrier modulation signal S1 
output from carrier modulation section 13-1 is transmitted 
allocated to frequency block BL1 comprising a plurality of 
subcarriers. Similarly, subcarrier modulation signal S2 is 
transmitted allocated to frequency block BL2, and subcarrier 
modulation signal S3 is transmitted allocated to frequency 
block BL3. 
0008. In transmitting apparatus 10, changing the modula 
tion method allocation to a frequency block for each OFDM 
symbol enables bit error rate degradation to be minimized 
even if only a specific frequency within the transmission band 
is greatly affected by multipath interference. 
Patent Document 1: Japanese Patent Application Laid-Open 
No. HEI 7-321765 
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DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 
(0010. The use of a 4 GHz to 5 GHZ carrier frequency band, 
higher than heretofore, has been investigated for next-genera 
tion mobile communication systems. 
0011 When a high carrier frequency band is used, dis 
tance decay increases, and consequently securing cell cover 
age becomes a problem. 
0012 Here, in a radio transmitting apparatus, a PAPR 
(Peak to average power ratio) stipulates the transmission 
power of the transmitting apparatus. Also, when using the 
same transmitting amplifier, a radio communication appara 
tus can achieve higher transmission power by means of an 
access method with a small PAPR than by means of an access 
method with a large PAPR. 
0013 However, with a conventional layered modulation 
method the PAPR is not considered, and as a result, cell 
coverage decreases. Consequently, a drawback of construct 
ing a cellular system using a conventional method is the 
necessity of installing a large number of base station appara 
tuses, resulting in increased installation costs and running 
COStS. 

0014. It is an object of the present invention to provide a 
radio transmitting apparatus and radio receiving apparatus 
that can flexibly respond to a demand for securement of an 
error rate characteristic when using a high transmission rate, 
and for an increase in cell coverage. 

Means for Solving the Problem 

0015. One aspect of a radio transmitting apparatus of the 
present invention is a radio transmitting apparatus that trans 
mits a layered-modulated OFDM signal, and employs a con 
figuration having: a first Subcarrier modulation section that 
forms a first Subcarrier modulation signal obtained by con 
Verting a plurality of modulation signals to the frequency 
domain; a second Subcarrier modulation section that forms a 
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second Subcarrier modulation signal obtained by parallel con 
version of a plurality of modulation signals; an inverse Fou 
rier transform section that forms an OFDM signal by per 
forming an inverse Fourier transform on the first and second 
Subcarrier modulation signals; and a Subcarrier mapping sec 
tion that is provided ahead of the inverse Fourier transform 
section and controls allocation of the first and second Subcar 
rier modulation signals to a plurality of Subcarriers forming 
the OFDM signal. 
0016. According to this configuration, an OFDM signal 
can be formed for which the PAPR is reduced compared with 
a conventional layered-modulated OFDM signal. By this 
means, low power consumption and effective transmission 
power of a radio transmitting apparatus can be improved. 
Also, using a first Subcarrier modulation signal and second 
Subcarrier modulation signal makes more flexible frequency 
resource allocation possible. Specifically, only limited meth 
ods (localized placement or distributed placement) can be 
used for the first subcarrier modulation signal since the PAPR 
is reduced, but there are no constraints on Subcarrier mapping 
for the second Subcarrier modulation signal. As a result, 
PAPR reduction is possible for subcarrier modulation signals 
overall without impairing flexibility of frequency resource 
allocation. 

0017. One aspect of a radio receiving apparatus of the 
present invention is a radio receiving apparatus that receives 
an OFDM signal formed by performing an inverse Fourier 
transform of a signal including a first Subcarrier modulation 
signal obtained by converting a plurality of modulation sig 
nals to the frequency domain, and a second Subcarrier modu 
lation signal obtained by parallel conversion of a plurality of 
modulation signals, and that employs a configuration having: 
a Fourier transform section that obtains the first and second 
Subcarrier modulation signals by performing a Fourier trans 
form of the OFDM signal; a first demodulation section that 
performs conversion to the time domain and demodulation of 
the first Subcarrier modulation signal; a second demodulation 
section that performs serial conversion and demodulation of 
the second Subcarrier modulation signal; and a decoding sec 
tion that makes the likelihood of a demodulation result of the 
second demodulation section higher than the likelihood of a 
demodulation result of the second demodulation section, and 
performs error correction decoding of demodulation results 
of the first and second demodulation sections. 

0018. One aspect of a radio transmitting apparatus of the 
present invention employs a configuration further having: a 
retransmission request detection section that detects a 
retransmission request reported from a receiving apparatus, 
and a number of retransmission requests that is a number of 
times the retransmission request has been reported; and a 
subcarrier allocation control section that variably controls 
allocation to and placement on the plurality of Subcarriers of 
the first and second Subcarrier modulation signals by the 
Subcarrier mapping section according to the number of 
retransmission requests. 

ADVANTAGEOUSEFFECTS OF INVENTION 

0019. According to the present invention, a radio transmit 
ting apparatus and radio receiving apparatus can be imple 
mented that can flexibly respond to a demand for securement 
of an error rate characteristic when using a high transmission 
rate, and for an increase in cell coverage. 
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BRIEF DESCRIPTION OF DRAWINGS 

0020 FIG. 1 is a block diagram showing a configuration of 
a radio transmitter using conventional layered modulation; 
0021 FIG. 2 is a drawing illustrating frequency block 
allocation by radio transmitter using conventional layered 
modulation; 
0022 FIG.3 is a block diagram showing a configuration of 
a transmitting apparatus according to Embodiment 1 of the 
present invention; 
0023 FIG. 4 is a drawing showing the nature of subcarrier 
allocation of first and second Subcarrier modulation signals, 
in which FIG. 4A shows an example of subcarrier allocation 
when localized placement is performed, and FIG. 4B shows 
an example of subcarrier allocation when distributed place 
ment is performed; 
0024 FIG. 5 is a block diagram showing a configuration of 
a receiving apparatus of Embodiment 1; 
0025 FIG. 6 is a drawing showing PAPR cumulative prob 
ability distribution when the proportion of a first subcarrier 
modulation signal is changed; 
0026 FIG. 7A is a drawing showing an example of fre 
quency resource allocation of this embodiment, and FIG. 7B 
is a drawing showing an example of conventional frequency 
resource allocation; 
0027 FIG. 8 is a block diagram showing another configu 
ration of a transmitting apparatus of Embodiment 1; 
0028 FIG. 9 is a block diagram showing another configu 
ration of a receiving apparatus of Embodiment 1; 
0029 FIG. 10 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 2: 
0030 FIG. 11 is a block diagram showing a configuration 
of a receiving apparatus of Embodiment 2: 
0031 FIG. 12 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 3: 
0032 FIG. 13 is a drawing provided to explain filtering 
processing by the band-limiting filter in FIG. 12; 
0033 FIG. 14 is a block diagram showing another con 
figuration of a transmitting apparatus of Embodiment 3, 
0034 FIG. 15 is a drawing provided to explain filtering 
processing by the band-limiting filter in FIG. 14; 
0035 FIG. 16 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 4: 
0036 FIG. 17 is a drawing showing examples of subcar 
rier allocation in the case of localized placement of a first 
subcarrier modulation signal, in which FIG. 17A shows 
antenna1 subcarrier allocation, and FIG. 17B shows antenna 
2 subcarrier allocation; 
0037 FIG. 18 is a drawing showing examples of subcar 
rier allocation in the ease of distributed placement of a first 
subcarrier modulation signal, in which FIG. 18A shows 
antenna1 subcarrier allocation, and FIG. 18B shows antenna 
2 subcarrier allocation; 
0038 FIG. 19 is a block diagram showing a configuration 
of a receiving apparatus of Embodiment 4: 
0039 FIG. 20 is a block diagram showing another con 
figuration of a receiving apparatus of Embodiment 4: 
0040 FIG. 21 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 5; 
0041 FIG.22 is a drawing showing a PAPR characteristic 
with respect to a proportion of a second Subcarrier modula 
tion signal; 
0042 FIG. 23 is a drawing showing a proportion of a 
second Subcarrier modulation signal with respect to transmis 
sion power, 
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0043 FIG. 24 is a drawing showing HARQ operation of 
Embodiment 6: 
0044 FIG. 25 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 6: 
0045 FIG. 26 is a block diagram showing a configuration 
of the subcarrier allocation control section in FIG. 25. 
0046 FIG. 27 is a flowchart showing processing per 
formed by a transmitting apparatus of Embodiment 6: 
0047 FIG. 28 is a flowchart showing packet generation 
processing: 
0048 FIG. 29 is a block diagram showing a configuration 
of a packet generation section; 
0049 FIG. 30 is a drawing showing examples of subcar 
rier allocation, in which FIG. 30 A shows an example of 
Subcarrier allocation at the time of an initial transmission, and 
FIG. 30B shows an example of subcarrier allocation at the 
time of a first retransmission; 
0050 FIG. 31 is a drawing showing examples of per 
retransmission subcarrier allocation, in which FIG. 31A 
shows subcarrier allocation when (N3/2)<N1, and FIG.31B 
shows subcarrier allocation when (N3/2)2N1; 
0051 FIG. 32 is a drawing showing examples of fre 
quency resource allocation corresponding to "Method 1 of 
Embodiment 6, in which FIG. 32A shows an example of 
frequency resource allocation at the time of an initial trans 
mission, and FIG. 32B shows an example of frequency 
resource allocation at the time of a first retransmission; 
0052 FIG. 33 is a drawing showing examples of fre 
quency resource allocation corresponding to "Method 2 of 
Embodiment 6, in which FIG. 33A shows an example of 
frequency resource allocation at the time of quality prioriti 
zation, and FIG. 33B shows an example of frequency 
resource allocation at the time of rate prioritization; 
0053 FIG. 34 is a block diagram showing a configuration 
of a receiving apparatus of Embodiment 6: 
0054 FIG. 35 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 7: 
0055 FIG. 36A is a block diagram showing a configura 
tion of a receiving apparatus of Embodiment 7: 
0056 FIG. 36B is a block diagram showing an example of 
the configuration of a packet synthesizing section; 
0057 FIG. 37 is a block diagram showing another con 
figuration of a transmitting apparatus of Embodiment 8: 
0058 FIG. 38 is a block diagram showing another con 
figuration of a receiving apparatus of Embodiment 8: 
0059 FIG. 39 is a block diagram showing a configuration 
of an MCW-configuration transmitting apparatus according 
to Embodiment 9: 
0060 FIG. 40 is a block diagram showing a configuration 
ofan SCW-configuration transmitting apparatus according to 
Embodiment 9: 
0061 FIG. 41 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 10; 
0062 FIG. 42 is a drawing showing examples of transmis 
sion power control by a transmitting apparatus of Embodi 
ment 10, in which FIG. 42A shows transmission power con 
trol when using a modulation method for which robustness 
against residual multipath interference is good, and FIG. 42B 
shows transmission power control when using a modulation 
method for which robustness against residual multipath inter 
ference is poor, 
0063 FIG. 43 is a drawing showing examples of the pro 
portion of a second Subcarrier modulation signal decided by a 
Subcarrier allocation control section; 
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0064 FIG. 44 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 11: 
0065 FIG. 45 is a drawing showing examples of the nature 
of Subcarrier modulation signal mapping according to 
Embodiment 11, in which FIG. 45A shows a result of fre 
quency domain allocation by a Subcarrier allocation control 
section, FIG. 45B shows a subcarrier mapping section 110a 
subcarrier mapping result, and FIG. 45C shows a subcarrier 
mapping section 110b Subcarrier mapping result; 
0.066 FIG. 46 is a block diagram showing another con 
figuration of a transmitting apparatus of Embodiment 11: 
0067 FIG. 47 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 12; 
0068 FIG. 48 is a drawing showing examples of the nature 
of Subcarrier modulation signal mapping according to 
Embodiment 12, in which FIG. 48A shows a result of fre 
quency domain allocation by a Subcarrier allocation control 
section, FIG. 48B shows a subcarrier mapping section 110a 
subcarrier mapping result, and FIG. 48C shows a subcarrier 
mapping section 110b Subcarrier mapping result; 
0069 FIG. 49 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 13: 
0070 FIG.50 is a drawing showing examples of the nature 
of Subcarrier modulation signal mapping according to 
Embodiment 13, in which FIG.50A shows a result of fre 
quency domain allocation by Subcarrier allocation control 
section 124, FIG. 50B-1 shows subcarrier signals input to 
IFFT section 111a when the subcarrier mapping control sec 
tion 2601 mapping pattern is A, FIG.50B-2 shows subcarrier 
signals input to IFFT section 111d when the subcarrier map 
ping control section 2601 mapping pattern is A, FIG. 50C-1 
shows subcarrier signals input to IFFT section 111a when the 
Subcarrier mapping control section 2601 mapping pattern is 
B, and FIG. 50C-2 shows subcarrier signals input to IFFT 
section 111d when the Subcarrier mapping control section 
2601 mapping pattern is B; 
0071 FIG. 51 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 14, 
0072 FIG. 52 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 15: 
0073 FIG. 53 is a block diagram showing a configuration 
of a transmitting apparatus of Embodiment 16; and 
0074 FIG. 54 is a block diagram showing a configuration 
of a receiving apparatus of Embodiment 16. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

(0075 Now, embodiments of the present invention will be 
described in detail with reference to the accompanying draw 
ings. 

Embodiment 1 

0076 FIG.3 shows a configuration of a transmitting appa 
ratus according to Embodiment 1 of the present invention. 
Transmitting apparatus 100 is provided in a terminal, and 
performs uplink transmission. 
0077. In transmitting apparatus 100, transmission data is 
input to encoding section 101. Encoding section 101 per 
forms error correction encoding of a transmission data 
sequence using a coding rate specified by MCS (adaptive 
Modulation and Coding Scheme) control section 122. Inter 
leaver 102 performs interleaving of an encoded bit sequence 
using a predetermined interleave pattern. 
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0078 Based on distribution information from subcarrier 
allocation control section 124, parser section 103 outputs an 
input bit sequence to either first Subcarrier modulation section 
104 or second subcarrier modulation section 105. In other 
words, parser section 103 distributes an input bit sequence to 
first subcarrier modulation section 104 and second subcarrier 
modulation section 105 based on distribution information. 
0079 First subcarrier modulation section 104 has carrier 
modulation section 106 and DFT (Discrete Fourier Trans 
form) section 107. Carrier modulation section 106 modulates 
an input bit sequence using a modulation method (M-ary 
modulation value) based on modulation method information 
from MCS control section 122. By this means, a symbol data 
sequence mapped to a symbol with an M-ary modulation 
value in accordance with modulation method information is 
output from carrier modulation section 104. 
0080 When subcarrier distribution to first subcarrier 
modulation section 104 is N1 units, DFT section 107takes N1 
units of symbol data as one block and converts a plurality of 
modulation signals to the frequency domain by DFT process 
ing, and outputs a post-processing signal to Subcarrier map 
ping section 110. Below, a signal output from first subcarrier 
modulation section 104 may also be referred to as a first 
Subcarrier modulation signal. 
0081. Second subcarrier modulation section 105 has car 
rier modulation section 108 and S/P (serial/parallel conver 
sion) section 109. Carrier modulation section 108 modulates 
an input bit sequence using a modulation method (M-ary 
modulation value) based on modulation method information 
from MCS control section 122. By this means, a symbol data 
sequence mapped to a symbol with an M-ary modulation 
value in accordance with modulation method information is 
output from carrier modulation section 108. Here, if modu 
lation method information different from modulation method 
information input to carrier modulation section 106 is input to 
carrier modulation section 108, carrier modulation section 
108 performs modulation using a different modulation 
method from that of carrier modulation section 106. 

0082. When subcarrier distribution to second subcarrier 
modulation section 105 is N2 units, S/P section 109 takes N2 
units of symbol data as one block, converts this to parallel 
data, and outputs the parallel data to Subcarrier mapping 
section 110. Below, a signal output from second subcarrier 
modulation section 105 may also be referred to as a second 
Subcarrier modulation signal. 
0083) Subcarrier mapping section 110 places first subcar 
rier modulation section 104 output and second subcarrier 
modulation section 105 output respectively on subcarriers 
based on control information from Subcarrier allocation con 
trol section 124, and outputs the resulting output to IFFT 
section 111. 

0084 FIG. 4 shows the nature of subcarrier allocation by 
subcarrier allocation control section 124. FIG. 4A shows a 
case in which output from DFT section 107 is placed on 
subcarriers in a localized manner (hereinafter referred to as 
localized placement), and FIG. 4B shows a case in which 
output from DFT section 107 is placed on subcarriers in a 
distributed manner (hereinafter referred to as distributed 
placement). 
0085. It is preferable for subcarrier allocation control sec 
tion 124 to place first and second Subcarrier modulation sec 
tion 104 and 105 output on subcarriers based on frequency 
resource allocation information while satisfying the relation 
ships described in 1) and 2) below. 

Apr. 29, 2010 

I0086) 1) The number of subcarriers to which second sub 
carrier modulation section 105 output is allocated should be 
less than or equal to the number of subcarriers to which first 
subcarrier modulation section 104 output is allocated. This 
enables the PAPR to be reduced. 
I0087. 2) For subcarriers to which first subcarrier modula 
tion section 104 output is allocated, consecutive Subcarriers 
should be allocated (localized placement), or equally-spaced 
subcarriers should be used (distributed placement). FIG. 4B 
shows distributed placement using L equally-spaced Subcar 
riers. 
I0088 Incidentally, transmission of a control signal such as 
frequency resource allocation information may be performed 
using a predetermined method (first Subcarrier modulation 
section 104 or second subcarrier modulation section 105). If 
this is done, it is not necessary to report which Subcarrier 
modulation signal the control signal has been allocated to, 
enabling overhead to be reduced correspondingly. In FIG. 3, 
a control signal generation section 112 signal is input directly 
to IFFT section 111, but if the above-described processing is 
performed, a control signal generation section 112 signal can 
be input to first subcarrier modulation section 104 or second 
subcarrier modulation section 105. 
I0089. In addition to a data signal from subcarrier mapping 
section 110, a control signal from control signal generation 
section 112 and a pilot signal from pilot signal generation 
section 113 are also input to IFFT section 111, and IFFT 
section 111 performs Ns-unit-size IFFT processing on these. 
CP adding section 114 adds a CP (Cyclic Prefix) to an IFFT 
section 111 output signal. RF transmission section 115 
executes predetermined radio transmission processing Such 
as up-conversion and transmission power control on a signal 
output from CP adding section 114, and sends a post-process 
ing signal to antenna 116. 
0090 Next, the reception system of transmitting apparatus 
100 will be described. 
0091. A signal received by antenna 116 undergoes prede 
termined radio reception processing Such as amplification 
processing and down-conversion by RF reception section 
120, and is then sent to channel quality information extraction 
section 121 and frequency resource allocation information 
extraction section 123. 
0092 Channel quality information extraction section 121 
extracts channel quality information measured by a receiving 
apparatus of a communicating station (in this embodiment, a 
base station) and transmitted from that communicating sta 
tion. That is to say, transmitting apparatus 100 extracts chan 
nel quality information when receiving a transmitted signal, 
and sends this to MCS control section 122. Based on the 
channel quality information, MCS control section 122 
decides a coding rate of encoding section 101, an M-ary 
modulation value of carrier modulation sections 106 and 108, 
and so forth. 
0093. Frequency resource allocation information extrac 
tion section 123 extracts frequency resource allocation infor 
mation included in a received signal transmitted from the 
communicating station. Frequency resource allocation infor 
mation includes information indicating which Subcarrier 
modulation signals should be placed on which Subcarriers in 
the transmission band by transmitting apparatus 100 when 
transmitting. 
0094 Based on the frequency resource allocation infor 
mation, Subcarrier allocation control section 124 decides Sub 
carrier distribution and subcarrier placement to be used by 
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first subcarrier modulation section 104 and second subcarrier 
modulation section 105 output, and outputs the decision 
results to parser section 103 and Subcarrier mapping section 
110. 

0095 FIG. 5 shows a configuration of a receiving appara 
tus of this embodiment. Receiving apparatus 200 is provided 
in a base station, and receives and demodulates a signal trans 
mitted from transmitting apparatus 100. 
0096. In receiving apparatus 200, predetermined radio 
reception processing Such as amplification processing and 
down-conversion is executed by RF reception section 202 on 
a signal received by antenna 201, and a signal from which the 
CP has been removed by CP removal section 203 is input to 
FFT section 204. FFT section 204 executes FFT processing 
on the input signal, and sends a post-processing signal to 
equalization section 205, channel estimation section 206, and 
channel quality measurement section 207. 
0097. Using a per-subcarrier channel estimate value esti 
mated by channel estimation section 206, equalization sec 
tion 205 performs equalization using a ZF (Zero Forcing) 
standard or MMSE (Minimum Mean Squared Error) stan 
dard. Equalization section 205 can also perform frequency 
domain equalization by means of an MMSE standard on a 
Subcarrier to which a first Subcarrier modulation signal has 
been allocated. Furthermore, equalization section 205 can 
also perform frequency domain equalization by means of a 
ZF standard on a subcarrier to which a second subcarrier 
modulation signal has been allocated. As described above, 
provision may also be made for equalization section 205 to 
Switch its equalization method according to which Subcarrier 
modulation signal is being handled. Equalization section 205 
output is sent to subcarrier mapping section 208 and MCS 
information extraction section 209. 

0098 Channel quality measurement section 207 measures 
per-Subcarrier channel quality, and sends the measurement 
results to frequency resource allocation control section 210 
and encoding section 221. 
0099 Based on per-subcarrier channel quality, frequency 
resource allocation control section 210 controls which of first 
and second subcarrier modulation section 104 and 105 out 
puts is allocated to which subcarriers. That is to say, fre 
quency allocation information decided by frequency resource 
allocation control section 210 is transmitted to transmitting 
apparatus 100 via encoding section 221, modulation section 
222, multiplexing section 223, RF transmission section 226, 
and antenna 201, and in transmitting apparatus 100, which 
Subcarriers first and second Subcarrier modulation section 
104 and 105 output is allocated to is controlled based on this 
frequency allocation information. Frequency resource allo 
cation information is stored in frequency resource allocation 
information storage section 211. 
0100 Receiving apparatus 200 transmits transmission 
data to transmitting apparatus 100 via encoding section 224, 
modulation section 225, multiplexing section 223, RF trans 
mission section 226, and antenna 201. 
0101 Based on frequency resource allocation informa 

tion, Subcarrier mapping section 208 outputs a Subcarrier 
group to which a first Subcarrier modulation signal is allo 
cated to IDFT section 212. On the other hand, Subcarrier 
mapping section 208 outputs a Subcarrier group to which a 
second Subcarrier modulation signal is allocated to P/S con 
version section 215. 
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0102. When N1 subcarrier signals are included in an input 
signal based on frequency resource allocation information, 
IDFT section 212 performs an IDFT using an N1-unit size. 
0103) When N2 subcarrier signals are included in an input 
signal based on frequency resource allocation information, 
P/S section 215 performs parallel/serial conversion using an 
N2-unit size. 

0.104 First and second demodulation sections 213 and 216 
each perform symbol mapping processing in accordance with 
modulation method information from MCS information 
extraction section 209 on an input modulation symbol 
sequence, and calculate per-bit soft decision likelihood val 
CS. 

0105. Here, MCS settings by carrier modulation sections 
106 and 108 for a first subcarrier modulation signal and 
second Subcarrier modulation signal can be decided based on 
a first Subcarrier modulation signal reception characteristic. 
That is to say, an M-ary modulation value and coding rate that 
satisfy a predetermined error rate are decided based on a 
characteristic comprising an error rate characteristic (BER, 
PER, or the like) with respect to reception quality (SIR, CIR, 
or the like) in a first subcarrier modulation signal in an AWGN 
(additive white Gaussian noise (thermal noise)) environment. 
0106. In such a case, a received signal corresponding to a 
first subcarrier modulation signal is susceptible to the influ 
ence of multipath interference due to the influence of channel 
estimation error or the like, and its reception characteristics 
are prone to degradation. In particular, the larger the M-ary 
modulation value of a received signal corresponding to a first 
Subcarrier modulation signal, the greater is the Susceptibility 
of that received signal. Consequently, if the reception char 
acteristics of first and second Subcarrier modulation signals 
are compared when channel quality is of the same level for 
both and the same M-ary modulation value is used for both, 
there is a high probability of second subcarrier modulation 
signal reception characteristics being better than first Subcar 
rier modulation signal reception characteristics. 
0107 First and second likelihood weighting sections 214 
and 217 utilize this property in performing weighting on Soft 
decision likelihood values output by first and second demodu 
lation sections 213 and 216. That is to say, second likelihood 
weighting section 217 multiplies a soft decision likelihood 
value output by second demodulation section 216 by weight 
ing coefficient c that increases reliability, where CD-1. Or 
again, first likelihood weighting section 214 multiplies a soft 
decision likelihood value output by first demodulation sec 
tion 213 by weighting coefficient B that lowers reliability, 
where B-1. That is to say, the weighting coefficient of first 
likelihood weighting section 214 is made Smaller than the 
weighting coefficient of second likelihood weighting section 
217. By performing this kind of likelihood weighting, first 
Subcarrier modulation signal reception characteristics can be 
improved by performing error correction decoding process 
ing. 
0.108 Based on frequency resource allocation informa 
tion, deparser section 218 makes output from first and second 
likelihood weighting sections 214 and 217 a serial signal by 
performing processing that is the reverse of the distribution 
processing of parser section 103 in transmitting apparatus 
100. Deparser section 218 output is made received data by 
being deinterleaved by deinterleaver 219 and undergoing 
error correction decoding processing by decoding section 
220. 
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0109 FIG. 6 shows PAPR cumulative probability distri 
bution when the proportion of a first subcarrier modulation 
signal is changed. The horizontal axis in FIG. 6 indicates the 
PAPR, and the vertical axis indicates cumulative probability 
distribution (the cumulative distribution function: CDF). 
FIG. 6 shows simulation results when the modulation method 
is QPSK and an RB (Resource Block) comprises 12 subcar 
riers. From FIG. 6, it can be seen that the PAPR can be made 
extremely small if the proportion of a first subcarrier modu 
lation signal is set to 50% or above. 
0110 FIG. 7 shows comparative examples of frequency 
resource allocation of this embodiment (FIG. 7A) and con 
ventional frequency resource allocation (FIG. 7B). FIG. 7B 
shows an example of conventional allocation in which only a 
first Subcarrier modulation signal is subjected to localized 
placement. From FIG. 7B it can be seen that, although an 
increase in the PAPR is suppressed with only a first subcarrier 
modulation signal, performing resource allocation whereby 
optimal quality is obtained is difficult since Subcarrier place 
ment is restricted. 
0111. That is to say, it can be seen from FIG. 7B that, 
although an increase in the PAPR can be suppressed, perform 
ingresource allocation whereby optimal quality is obtained is 
difficult because of the first subcarrier modulation signal sub 
carrier placement restriction. 
0112. In contrast, in this embodiment, as shown in FIG. 
7A, first and second Subcarrier modulation signals are used, 
enabling flexible and favorable frequency allocation to be 
achieved. That is to say, it is possible to perform resource 
allocation whereby optimal quality is obtained while Sup 
pressing the PAPR. 
0113. Examples of first and second subcarrier modulation 
signal Subcarrier allocation methods that can be used here are 
described in 1) and 2) below. Use of the following methods 
enables frequency resource allocation to be performed that 
takes the QoS of transmission data into consideration. 
0114 1) Quality prioritization: A first subcarrier modula 
tion signal is allocated preferentially to Subcarriers with good 
channel quality, and a second Subcarrier modulation signal is 
allocated to the remaining Subcarriers. 
0115 2) Rate prioritization: A second subcarrier modula 
tion signal is allocated preferentially to Subcarriers with good 
channel quality, and a first Subcarrier modulation signal is 
allocated to the remaining Subcarriers. 
0116. As described above, according to this embodiment, 
by providing first subcarrier modulation section 104 that 
forms a first Subcarrier modulation signal obtained by con 
Verting a plurality of modulation signals to the frequency 
domain, second subcarrier modulation section 105 that forms 
a second Subcarrier modulation signal obtained by parallel 
conversion of a plurality of modulation signals, IFFT section 
111 that forms an OFDM signal by performing an inverse 
Fourier transform on the first and second subcarrier modula 
tion signals, and a Subcarrier mapping section that is provided 
ahead of the inverse Fourier transform section and controls 
allocation of the first and second Subcarrier modulation sig 
nals to a plurality of subcarriers forming the OFDM signal, 
transmitting apparatus 100 can be implemented that can flex 
ibly respond to a demand for securement of an error rate 
characteristic, and for an increase in cell coverage. 
0117 FIG. 8, in which parts corresponding to those in 
FIG. 3 are assigned the same reference codes as in FIG. 3, 
shows another example of a configuration of a transmitting 
apparatus of this embodiment. In FIG. 8, the configuration 
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ahead of first and second subcarrier modulation sections 104 
and 105 is omitted. In transmitting apparatus 300, important 
data among transmission data is input to second Subcarrier 
modulation section 105. On the other hand, in transmitting 
apparatus 300, ordinary data without a high degree of impor 
tance among transmission data is input to first Subcarrier 
modulation section 104. By this means, the overall transmis 
sion signal reception quality can be improved by utilizing the 
characteristic whereby the reception quality of a second Sub 
carrier modulation signal is better than that of a first Subcar 
rier modulation signal. 
0118. Important data includes a control signal. As another 
example, when an error correction encoder (encoding section 
101 in FIG. 3) has a configuration that uses a systematic code 
(Turbo code or LDPC), a systematic bit may be transmitted as 
important data allocated preferentially to a second Subcarrier 
modulation signal, and a parity bit may be transmitted as 
ordinary data allocated to a first Subcarrier modulation signal. 
0119 FIG. 9, in which parts corresponding to those in 
FIG. 5 are assigned the same reference codes as in FIG. 5, 
shows another example of a configuration of a receiving 
apparatus of this embodiment. In receiving apparatus 400, 
equalization sections 205-1 and 205-2 are provided indepen 
dently for first and second Subcarrier modulation signals Sub 
sequent to Subcarrier mapping section 208. Thus, equaliza 
tion processing can be performed by equalization sections 
205-1 and 205-2 using an optimal equalization method for 
first and second Subcarrier modulation signals respectively, 
and reception characteristics can be improved as compared 
with a case in which equalization processing is performed on 
first and second Subcarrier modulation signals using the same 
equalization method. 
0.120. In this embodiment, a case has been described in 
which one encoding section 101 is provided in transmitting 
apparatus 100, but a plurality of encoding sections may also 
be provided, and, for example, provision may be made for a 
first Subcarrier modulation signal and a second Subcarrier 
modulation signal to be encoded by separate encoding sec 
tions. This also applies to other embodiments described later 
herein. 
0.121. In this embodiment, cases have been described in 
which first and second likelihood weighting sections 214 and 
217 are provided in receiving apparatuses 200 and 400, but 
weighting sections may be omitted. This also applies to other 
embodiments described later herein. 

Embodiment 2 

I0122. In Embodiment 1, a configuration was described for 
a case in which a transmittingapparatus that transmits a signal 
in which first and second Subcarrier modulation signals are 
mixed is provided in a terminal of an FDD communication 
system (that is, a case in which, in Embodiment 1, a signal in 
which first and second Subcarrier modulation signals are 
mixed is transmitted in uplink). 
I0123. In Embodiment 2, a configuration will be described 
for a case in which a transmitting apparatus that transmits a 
signal in which first and second Subcarrier modulation signals 
are mixed is provided in a base station (that is, a case in which 
a signal in which first and second Subcarrier modulation sig 
nals are mixed is transmitted in downlink). 
0.124. Only configuration parts that differ from Embodi 
ment 1 are described below. 
0.125 FIG. 10, in which parts corresponding to those in 
FIG. 3 are assigned the same reference codes as in FIG. 3, 
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shows the configuration of transmitting apparatus 500 of this 
embodiment. Transmitting apparatus 500 is provided in a 
base station. 
0126 Channel quality information extraction section 121 
of transmitting apparatus 500 extracts channel quality infor 
mation transmitted from a receiving apparatus (terminal) 
from a received signal. Based on the channel quality infor 
mation, subcarrier allocation control section 501 decides 
which subcarriers in the transmission band are to be used by 
transmitting apparatus 500 when transmitting. In addition, 
based on the channel quality information, storage section 501 
decides subcarrier distribution for allocating a first subcarrier 
modulation signal and second Subcarrier modulation signal, 
and outputs the result to parser section 103 and subcarrier 
mapping section 110. 
0127 Control signal generation section 502 generates a 
control signal including Subcarrier allocation information and 
information on an MCS allocated to a subcarrier (MCS infor 
mation) for reporting to the receiving apparatus. 
0128 FIG. 11, in which parts corresponding to those in 
FIG. 5 are assigned the same reference codes as in FIG. 5, 
shows a configuration of a receiving apparatus of this 
embodiment. Receiving apparatus 600 is provided in a termi 
nal. 
0129. Frequency resource allocation information extrac 
tion section 601 extracts frequency resource allocation infor 
mation included in a control signal transmitted by transmit 
ting apparatus 500. Frequency resource allocation 
information is information indicating a distribution showing 
which Subcarrier modulation signal, a first or second, has 
been mapped to which Subcarriers. Frequency resource allo 
cation information extraction section 601 sends extracted 
frequency resource allocation information to Subcarrier map 
ping section 208, IDFT section 212, P/S section 215, and 
deparser section 218. 
0130. According to this embodiment, the same kind of 
effect can be obtained as in Embodiment 1. 

Embodiment 3 

0131 FIG. 12, in which parts corresponding to those in 
FIG.3 and FIG. 8 areassigned the same reference codes as in 
FIG.3 and FIG. 8, shows a configuration of the principal parts 
of a transmitting apparatus of this embodiment. In FIG. 12, 
only configuration peripheral parts newly proposed in this 
embodiment are shown, and the rest of the configuration is 
omitted. 
0.132. In transmitting apparatus 700, band-limiting filter 
701 is provided on the output side of first subcarrier modula 
tion section 104, and the band of a first subcarrier modulation 
signal is limited by band-limiting filter 701 before the signal 
is input to Subcarrier mapping section 110. 
0133. As shown in FIG. 13, band-limiting filter 701 per 
forms localized placement of a first subcarrier modulation 
signal that is DFT output, and Nf subcarriers at both ends of 
that band are copied to a separate band and then filtered by an 
RRC (Root Raised Cosine) filter. The number of subcarriers 
copied here is decided according to roll-off rate C. of the RRC 
filter. When DFT section 107 performs a DFT here using an 
N1-unit size based on frequency resource allocation informa 
tion, Nf-CEILI(N1xC.)/2 subcarrier signals are copied at 
one end of the band, and Subcarrier signals are extrapolated at 
the opposite end of the band. Here, CEILIX represents the 
Smallest integer greater than X. 
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I0134) Details of an RRC filter are given in Non-Patent 
Document 1, for example, and therefore a detailed descrip 
tion thereof is omitted here. 
0.135 Subcarrier mapping section 110 finds subcarrier 
interval Ns greater than or equal to an Nf-unit interval depen 
dent upon roll-off rate C. of the RRC filter for band-limited 
first Subcarrier modulation signal output, and maps a second 
Subcarrier modulation signal. 
0.136. By means of the above, the first subcarrier modula 
tion signal PAPR is further reduced. On the other hand, by 
extending second Subcarrier modulation signal placement by 
at least an interval dependent upon the roll-off rate, first 
Subcarrier modulation signal interference can be eliminated, 
and a second Subcarrier modulation signal can be received on 
the receiving side without SIR degradation. 
0.137 FIG. 14 shows another example of a configuration 
of a transmitting apparatus of this embodiment. In transmit 
ting apparatus 800, band-limiting filter 801 is provided on the 
output side of Subcarrier mapping section 110. 
0.138 FIG. 15 shows subcarrier mapping section 110 out 
put. As shown in the figure, Subcarrier mapping section 110 
performs localized placement of a first subcarrier modulation 
signal, and places a second Subcarrier modulation signal adja 
cent thereto. In this figure, there is no interval between the 
first Subcarrier modulation signal and second Subcarrier 
modulation signal, but there may also be an interval. 
(0.139. As shown in FIG. 15, band-limiting filter 801 copies 
Nfsubcarriers at both ends of the entire subcarrier signal band 
formed by first and second Subcarrier modulation signals to a 
separate band, and then applies an RRC (Root Raised Cosine) 
filter. The number of subcarriers copied here is decided 
according to roll-off rate C. of the RRC filter. When DFT 
section 107 performs a DFT using an N1-unit size based on 
frequency resource allocation information and S/P section 
109 performs parallel conversion using in N2-unit size units, 
Subcarrier signal extrapolation is performed as described 
below. 
(O140 Namely, Nf=CEIL (N1+N2)xO/2 subcarriers are 
copied to a first Subcarrier modulation signal at an end of the 
band constituting an outer side of the allocated band, and are 
extrapolated at the opposite end of the band. Then Nf-CEIL 
(N1+N2)xO/2 subcarriers are copied to a second subcarrier 
modulation signal at an end of the band constituting an outer 
side of the allocated band, and are extrapolated at the opposite 
end of the band. This processing may be performed by band 
limiting filter 801, or may be performed by subcarrier map 
ping section 110. Here, CEILIX represents the smallest inte 
ger greater than X. 
(0.141. By means of the above, the PAPR can be reduced for 
a first Subcarrier modulation signal and second Subcarrier 
modulation signal. 

Embodiment 4 

0.142 FIG. 16, in which parts corresponding to those in 
FIG. 3 are assigned the same reference codes as in FIG. 3, 
shows a configuration of the principal parts of a transmitting 
apparatus of this embodiment. Transmitting apparatus 1000 
has n antennas 116-1 through 116-in, and also has n transmis 
sion units 1001-1 through 1001-n corresponding respectively 
to these antennas. By this means, transmitting apparatus 1000 
performs space multiplex transmission of modulation signals 
described in Embodiment 1 through Embodiment 3 by means 
of MIMO (Multiple-Input Multiple-Output) transmission 
using plurality of antennas 116-1 through 116-in. 
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0143 Transmission units 1001-1 through 1001-n are each 
configured by means of configuration elements 101 through 
115 of the transmission system in FIG. 3 described in 
Embodiment 1. Signals obtained by transmission units 
1001-1 through 1001-n are supplied to corresponding anten 
nas 116-1 through 116-in. 
0144. The reception system is similar to the reception 
system described in Embodiment 1, except that MCS control 
section 122 sends an MCS to each of transmission units 
1001-1 through 1001-n, and subcarrier allocation control sec 
tion 124 sends subcarrier allocation information to each of 
transmission units 1001-1 through 1001-n. 
0145. In this embodiment, single-user MIMO transmis 
sion is assumed, and common Subcarrier modulation signal 
mapping is performed among antennas 116-1 through 116-in. 
Specifically, common Subcarrier mapping is performed for 
antennas 116-1 through 116-in by making first and second 
Subcarrier modulation signal mapping by Subcarrier mapping 
section 110 common in each of transmission units 1001-1 
through 1001-n. At least second subcarrier modulation signal 
Subcarrier mapping is made common among antennas 116-1 
through 116-in. At this time, the M-ary modulation value in 
subcarrier modulation sections 104 and 105 need not be made 
common among the antennas, and may be controlled adap 
tively on an antenna-by-antenna basis according to the chan 
nel quality. 
0146 FIG. 17 and FIG. 18 show the nature of subcarrier 
mapping among antennas 116-1 through 116-in by transmit 
ting apparatus 1000. FIG. 17 illustrates a case in which local 
ized placement is performed for a first subcarrier modulation 
signal (output from DFT section 107), and FIG. 18 illustrates 
a case in which distributed placement is performed for a first 
subcarrier modulation signal (output from DFT section 107). 
0147 As shown in FIG. 17 and FIG. 18, both when local 
ized placement is performed and when distributed placement 
is performed, transmitting apparatus 1000 makes antenna 1 
(transmission unit 1) first and second Subcarrier modulation 
signal placement and antenna 2 (transmission unit 2) first and 
second Subcarrier modulation signal placement common. 
0148 FIG. 19, in which parts corresponding to those in 
FIG. 5 are assigned the same reference codes as in FIG. 5, 
shows the configuration of a receiving apparatus 1100 that 
receives and demodulates a space-multiplexed signal trans 
mitted from transmitting apparatus 1000. Receiving appara 
tus 1100 has n antennas 201-1 through 201-n, and also has n 
reception units 1101-1 through 1101-n corresponding respec 
tively to these antennas. 
0149 Reception units 1101-1 through 1101-n are each 
configured by means of almost the same configuration ele 
ments as the reception system in FIG.5 described in Embodi 
ment 1. Only parts differing from those of the reception 
system in FIG. 5 are described below. 
0150 Linear separation and equalization section 1102 and 
nonlinear separation section 1103 are provided subsequent to 
Subcarrier mapping section 208. Based on frequency resource 
allocation information from frequency resource allocation 
information storage section 211 (this signal line is omitted in 
FIG. 19 in order to simplify the drawing), subcarrier mapping 
section 208 sends a first subcarrier modulation signal to linear 
separation and equalization section 1102, and a second Sub 
carrier modulation signal to nonlinear separation section 
1103. 
0151. Linear separation and equalization section 1102 
separates the space-multiplex transmitted plurality of first 
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subcarrier modulation signals by performing MMSE, ZF, or 
Suchlike linear space demultiplexing and frequency domain 
equalization. 
0152. Nonlinear separation section 1103 separates the 
space-multiplex transmitted plurality of second Subcarrier 
modulation signals using a nonlinear space demultiplexing 
method such as MLD. 
0153. MCS information extraction section 1104 extracts 
MCS information from linear separation and equalization 
section 1102 output, applies this to first and second demodu 
lation sections 213 and 216, and sends it to linear separation 
and equalization section 1102. 
0154 In the above configuration, transmitting apparatus 
1000 transmits the same kind of (first or second) subcarrier 
modulation signal even if the transmitting antennas are dif 
ferent as long as Subcarrier placement is the same. By this 
means, receiving apparatus 1100 applies a space demultiplex 
ing method to space-multiplexed Subcarrier modulation sig 
nals of the same kind. 
0.155. Here, when second subcarrier modulation signals 
are space-multiplexed as Subcarrier modulation signals of the 
same kind, in particular, a nonlinear separation method using 
a nonlinear space demultiplexing method Such as MLD can 
be applied rather than a linear space demultiplexing method 
such as MMSE or ZF. This is an important point in this 
embodiment. 

0156. A case will now be considered in which mixed space 
multiplexing of a first Subcarrier modulation signal and sec 
ond Subcarrier modulation signal is performed. For a first 
Subcarrier modulation signal, a symbol sequence signal is 
converted to the frequency domain using DFT section 107. 
Consequently, receiving apparatus 1100 is unable to use a 
nonlinear space demultiplexing method such as MLD on a 
signal after Subcarrier mapping. 
0157 Here, a linear space demultiplexing method can be 
applied, but if multipath interference cannot be adequately 
eliminated in the first subcarrier modulation signal, this will 
cause degradation of second Subcarrier modulation signal 
reception characteristics. That is to say, despite the use of a 
space demultiplexing method, a disadvantage of not being 
able to obtain adequate reception quality arises if a first Sub 
carrier modulation signal and second Subcarrier modulation 
signal are mixed in the same Subcarriers. 
0158. According to this embodiment, as long as subcarrier 
placement is the same, by transmitting the same kind of (first 
or second) Subcarrier modulation signal, separation of space 
multiplex transmitted signals using nonlinear separation sec 
tion 1103 employing a nonlinear space demultiplexing 
method such as MLD becomes possible for subcarriers trans 
mitted using a second Subcarrier modulation signal. By this 
means, second Subcarrier modulation signal reception quality 
can be improved, and, by means of likelihood weighting 
correction, first Subcarrier modulation signal post-error-cor 
rection reception quality can be further improved by perform 
ing weighting processing that improves second Subcarrier 
modulation signal likelihood information. 
0159 FIG. 20, in which parts corresponding to those in 
FIG. 19 are assigned the same reference codes as in FIG. 19. 
shows another example of a configuration of a receiving 
apparatus of this embodiment. In receiving apparatus 1200. 
first Subcarrier modulation signals are input to first separation 
and equalization section 1201, and second Subcarrier modu 
lation signals are input to second separation and equalization 
section 1202. Second separation and equalization section 
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1202 performs space demultiplexing of second subcarrier 
modulation signals using a linear separation method such as 
ZF or MMSE. Even if the configuration in FIG. 20 is 
employed, a result of improving first Subcarrier modulation 
signal post-error-correction reception quality can be obtained 
in the same way as in FIG. 19 by means of likelihood weight 
ing correction, but this result is Smaller than with the configu 
ration in FIG. 19. 
0160. In this embodiment, configuration examples have 
been described that assume the use of single-user MIMO 
transmission, but the principle of this embodiment can also be 
applied to a case in which uplink multi-user MIMO transmis 
sion is performed. In this ease, transmission unit 1101 and 
antenna 116 can be considered to have been provided for 
different users, and the relationship between signals transmit 
ted from different users can be made common in the same way 
as described above. That is to say, frequency resource alloca 
tion information is reported to each user from a receiver (base 
station) so as to make mapping the same for first and second 
Subcarrier modulation signals, and Subcarrier mapping sec 
tions of different users’ transmitting apparatuses (terminals) 
perform common Subcarrier mapping for space-multiplex 
transmitted signals. At least second Subcarrier modulation 
signal Subcarrier mapping is made common among the anten 
aS. 

Embodiment 5 

(0161 FIG. 21, in which parts corresponding to those in 
FIG. 3 are assigned the same reference codes as in FIG. 3, 
shows a configuration of a transmitting apparatus of this 
embodiment. Transmitting apparatus 1300 has transmission 
power control information extraction section 1301. Transmis 
sion power control information extraction section 1301 
extracts transmission power control information reported 
from a receiver, applies this to RF transmission section 115, 
and sends it to subcarrier allocation control section 1302. 

0162. Subcarrier allocation control section 1302 variably 
controls subcarrier allocation of the first and second subcar 
rier modulation signals based on the transmission power con 
trol information. Specifically, subcarrier allocation control 
section 1302 performs control so that the second subcarrier 
modulation signal proportion is increased as transmission 
power decreases from maximum transmission power, as 
shown in FIG. 23. 

0163 At this time, the PAPR characteristic when the sec 
ond Subcarrier modulation signal proportion is varied is mea 
Sured in advance for each M-ary modulation value used, as 
shown in FIG. 22, and an index of the control in FIG. 23 is set 
based on PAPR maximum value Dmax when the proportion is 
made 100%. 
0164. By this means, a second modulation method propor 
tion can be varied considering the transmission power margin 
with respect to maximum transmission power. Consequently, 
in the vicinity of the base station, subcarriers can be allocated 
by increasing the distribution of a second modulation method 
suitable for M-ary modulation and MIMO transmission (in 
some cases making this distribution 100%). By this means, 
reception quality can be improved without incurring PAPR 
restrictions. 

0.165. On the other hand, at the cell edge distant from the 
base station, transmission power is increased, as a result of 
which second modulation method distribution is decreased, 
and the PAPR can also be decreased. By this means, trans 
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mission power at the cell edge can be increased, and an 
accompanying improvement in reception quality can be 
achieved. 

Embodiment 6 

0166 In this embodiment, a configuration will be 
described for a case in which an HARQ function is provided 
in a transmitting apparatus and receiving apparatus that per 
form transmission/reception of a signal in which first and 
second Subcarrier modulation signals are mixed. 
0.167 HARQ (Hybrid ARQ) is a technique based on auto 
matic retransmission request (ARQ: Automatic Repeat 
reCuest) technology and error correction encoding. Details of 
HARO are given in Non-Patent Document 2, for example, 
and therefore a detailed description thereof is omitted here. In 
order to perform HARQ processing, a transmitting apparatus 
according to this embodiment performs packet transmission. 
In packet transmission, a transmission data sequence is 
divided into blocks (data packets) of a specific bit-length in 
accordance with a standard described later herein, and trans 
mission is performed in these block units. 
0.168. In this embodiment, an HARQ method called CC 
(Chase Combining) is used. A brief description of HARQ 
operation using the CC method will now be given using FIG. 
24. 
0169 First, a transmitting apparatus transmits packet in 
(step ST10). A receiving apparatus demodulates and decodes 
packet in, and in the event of detecting an error in the decoded 
result, reports NACK (Negative Acknowledgment) (step 
ST11). On receiving NACK, the transmitting apparatus 
retransmits previously transmitted packet in (step ST12). 
0170 The receiving apparatus performs maximal-ratio 
combining of packet in transmitted in step ST10 and packet 
in transmitted in step ST12, followed by demodulation and 
decoding. If no error is detected in the decoded result, the 
receiving apparatus reports ACK (Acknowledgment) (step 
ST13). On receiving ACK, the transmitting apparatus trans 
mits next new packet in--1 (step ST14). 
0171 Thereafter, in the same way, the transmitting appa 
ratus transmits the same packet repeatedly until it receives 
ACK from the receiving apparatus in response to a transmit 
ted packet, and on receiving ACK, transmits the next new 
packet. Details of the CC method are given in Non-Patent 
Document 3, for example, and therefore a detailed descrip 
tion thereof is omitted here. 
0172. In this embodiment, as in Embodiment 1, a configu 
ration is described for a case in which a transmitting apparatus 
that transmits a signal in which first and second Subcarrier 
modulation signals are mixed is used for uplink transmission 
in an FDD communication system. Therefore, only configu 
ration parts that differ from Embodiment 1 are described 
below. 
0173 FIG. 25, in which parts corresponding to those in 
FIG. 3 are assigned the same reference codes as in FIG. 3, 
shows a configuration of a transmitting apparatus (terminal) 
of this embodiment. Transmitting apparatus 1400 is provided 
in a terminal in an FDD communication system. Transmitting 
apparatus 1400 (terminal) has retransmission control infor 
mation extraction section 1401 and packet generation section 
1402 in addition to the configuration of transmitting appara 
tus 100 in FIG. 3. Also, in transmitting apparatus 1400 (ter 
minal), the configuration of Subcarrier allocation control sec 
tion 124-1 differs from the configuration of subcarrier 
allocation control section 124 of transmitting apparatus 100. 
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0.174 FIG. 26 shows the internal configuration of subcar 
rier allocation control section 124-1. Frequency resource 
allocation information from frequency resource allocation 
information extraction section 123 and number of retransmis 
sions Kr from retransmission control information extraction 
section 1401 are input to subcarrier allocation control section 
124-1. 
0175 Based on frequency resource allocation informa 

tion, used-number-of-subcarriers calculation section 1411 
calculates numbers of subcarriers N1 and N2 used for first and 
second Subcarrier modulation signal allocation. Calculated 
numbers N1 and N2 are output to parser section 103. N1 and 
N2 information output to parser section 103 is used to dis 
tribute an encoded bit sequence input to parser section 103 
from interleaver 102 to a first subcarrier modulation section 
and second subcarrier modulation section based on an N1:N2 
ratio. 
0176 Placement patterns of a set of first and second sub 
carriers (hereinafter, a set of plurality of subcarriers is 
referred to as a subcarrier group) that can be utilized by the 
system are stored in Subcarrier allocation pattern selection 
section 1412 in advance. Subcarrier allocation pattern selec 
tion section 1412 selects a placement pattern based on a 
combination of frequency resource allocation information 
and number of retransmissions Kr, and outputs the selected 
placement pattern to Subcarrier allocation information gen 
eration section 1414. 
0177 Based on the frequency resource allocation infor 
mation, used frequency block information extraction section 
1413 extracts used frequency block information indicating to 
which Subcarriers a Subcarrier group combining first and 
second Subcarrier modulation signals is allocated within the 
FFT bandwidth that is IFFT section 111 input, and outputs 
this used frequency block information to Subcarrier allocation 
information generation section 1414. 
0.178 Subcarrier allocation information generation sec 
tion 1414 generates Subcarrier allocation information based 
on the used frequency block information and Subcarrier allo 
cation pattern, and outputs this Subcarrier allocation informa 
tion to subcarrier mapping section 110. Subcarrier allocation 
information includes information on Subcarrier positions to 
which first and second Subcarrier modulation signals are allo 
cated, and unused Subcarrier positions (which have no Sub 
carrier modulation signal allocated, and are regarded as null 
carriers). 
(0179 The flowchart in FIG. 27 shows part of the process 
ing performed by transmitting apparatus 1400 (terminal). 
After starting communication (step ST101), transmitting 
apparatus 1400 (terminal) first resets number of retransmis 
sions Kr to 0 (step ST102), and then generates a new data 
packet from transmission data by means of packet generation 
section 1402 and outputs this to encoding section 101 (step 
ST103). 
0180. Then the same kind of processing as performed on 
transmission data in Embodiment 1 is performed on the gen 
erated data packet, and the data packet is transmitted from the 
antenna (steps ST104 through ST106). Following this, a 
response signal responding to the data packet transmitted by 
transmitting apparatus 1400 (terminal) is reported to trans 
mitting apparatus 1400 (terminal) from the receiving appara 
tus. Processing from this point onward will now be described 
in detail. 
0181 Transmitting apparatus 1400 (terminal) is equipped 
with retransmission control information extraction section 
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1401 as a RF reception section 120 output destination. 
Retransmission control information extraction section 1401 
extracts a response signal transmitted from the communicat 
ing-party receiving apparatus (step ST107). 
0182. The response signal indicates whether or not the 
data packet previously transmitted by transmitting apparatus 
1400 (terminal) was received without error by the communi 
cating party. The response signal represents ACK (Acknowl 
edgment) if the previously transmitted data packet was 
received without error, or NACK (Negative Acknowledg 
ment) if received with an error. By extracting this response 
signal, it is possible to judge whether or not HARQ retrans 
mission is necessary. 
0183 A NACK (Negative Acknowledgment) response 
signal means that the communicating party is requesting 
retransmission of the data packet previously transmitted by 
transmitting apparatus 1400 (terminal), while an ACK (Ac 
knowledgment) response signal means that transmitting 
apparatus 1400 (terminal) may transmit a new data packet. 
Retransmission control information extraction section 1401 
identifies the type of this response signal (step ST108). 
0184. If the response signal type is NACK (Negative 
Acknowledgment), retransmission control information 
extraction section 1401 goes to step ST109, and calculates the 
number of times NACK (Negative Acknowledgment) has 
been reported consecutively for the same data packet—that is, 
calculates number of retransmissions Kr indicating how 
many times retransmission has been requested by the receiv 
ingapparatus (i.e. increments number of retransmissions Kr). 
Retransmission control information extraction section 1401 
outputs the calculated number of retransmissions Kr to Sub 
carrier allocation control section 124-1. Then, in step ST110, 
packet generation section 1402 again outputs the same data 
packet as previously generated to encoding section 101. 
0185. On the other hand, if the response signal type is ACK 
(Acknowledgment), retransmission control information 
extraction section 1401 goes to step ST102 from step ST108, 
and resets number of retransmissions Kr to 0. 
0186 The flowchart in FIG. 28 shows part of the process 
ing performed by packet generation section 1402, and FIG.29 
shows the internal configuration of packet generation section 
1402. The configuration and operation of packet generation 
section 1402 will now be described using FIG. 28 and FIG. 
29. 
0187 Packet generation section 1402 is internally 
equipped with data input/output control section 1421, trans 
mission buffer section 1422, and error correction code gen 
eration section 1423. A response signal from retransmission 
control information extraction section 1401, coding rate and 
M-ary modulation value information from MCS control sec 
tion 122, and transmission data, are input to packet generation 
section 1402. Packet generation section 1402 starts operation 
from step ST201 and performs packet generation processing. 
The operation of the packet generation section in each step is 
described below. 
0188 Step ST202: A new data packet is generated from 
transmission data, and output. A packet output at this time is 
hereinafter referred to as a “new packet.” 
0189 First, data input/output control section 1421 calcu 
lates a number of bits that can be transmitted in one packet 
transmission based on the coding rate and M-ary modulation 
value input from MCS control section 122 and frequency 
resource allocation information input from frequency 
resource allocation information extraction section 123, and 
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outputs the calculated result to transmission buffer section 
1422 as an input directive signal. 
0190. Transmission buffer section 1422 first deletes a 
packet stored in internal memory (not shown) in accordance 
with the input directive signal, then fetches transmission data 
of the transmissible number of bits, and stores this anew in 
internal memory (not shown). Transmission buffer section 
1422 also outputs transmission data of the transmissible num 
ber of bits to error correction code generation section 1423. 
0191) Error correction code generation section 1423 gen 
erates an error correction code for performing error checking 
on the receiving side from the transmission data, and outputs 
the generated error correction code to transmission buffer 
section 1422. An example of an error correction code method 
is a method using a Cyclic Redundancy Check (CRC). 
0.192 Next, when the error correction code is input, trans 
mission buffer section 1422 adds the error correction code to 
the end of the transmission data stored in internal memory and 
generates one packet, and outputs the generated packet to 
encoding section 101. One packet transmission processing 
procedure is performed by transmitting apparatus 1400 (ter 
minal) by executing radio transmission processing described 
later herein on the new packet output here using the sections 
connected from encoding section 101 onward. 
0193 Transmission buffer section 1422 does not delete 
the generated packet after outputting it to encoding section 
101, but keeps it stored in internal memory (not shown). In the 
above-described way, transmission data to which an error 
correction code has been added is output as a new packet, and 
is stored in transmission buffer section 1422 in preparation 
for retransmission. 

(0194 Step ST203: Data input/output control section 1421 
determines whether the type of a response signal is ACK 
(Acknowledgment) or NACK (Negative Acknowledgment). 
If the response signal is ACK (Acknowledgment), a new 
packet is generated and output by performing the processing 
in step ST202 again. If the response signal is NACK (Nega 
tive Acknowledgment), the processing in step ST204 
described below is performed. 
0.195 Step ST204: The same packet as previously output 
in step ST101 is output (hereinafter referred to as a retrans 
mission packet). 
0196) Data input/output control section 1421 outputs to 
transmission buffer section 1422 an output directive signal for 
outputting again the packet stored in transmission buffer sec 
tion 1422. Transmission buffer section 1422 outputs the 
packet stored in internal memory (not shown) to encoding 
section 101 as a retransmission packet in accordance with the 
output directive signal. 
0197) Thereafter, packet generation section 1402 repeats 
packet retransmission by repeating the loop comprising steps 
ST203-ST204-ST203 until ACK (Acknowledgment) is 
obtained in step ST203. 
0198 When a data packet is input from packet generation 
section 1402, encoding section 101 generates a coded packet 
by performing error correction encoding of the data packet 
using the coding rate indicated by MCS control section 122. 
0199 The coded packet is converted to a first subcarrier 
modulation signal and second Subcarrier modulation signal 
via interleaver 102, parser section 103 first subcarrier modu 
lation section 104, and second Subcarrier modulation section 
105, in the same way as in Embodiment 1, and is output to 
subcarrier mapping section 110 (step ST104). 
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0200 Subcarrier mapping section 110 performs subcar 
rier placement of first subcarrier modulation section 104 out 
put and second subcarrier modulation section 105 output 
respectively based on Subcarrier allocation control informa 
tion from Subcarrier allocation control section 124-1, and 
outputs the resulting output to IFFT section 111 (step ST105). 
0201 In the same way as in Embodiment 1, a subcarrier 
modulation signal output from Subcarrier mapping section 
110 undergoes multiplexing with a pilot signal and control 
signal, IFFT processing, CP addition, and predetermined 
radio transmission processing Such as up-conversion and 
transmission power control, by passing through IFFT section 
111, CP adding section 114, and RF transmission section 115, 
and is then output to antenna 116 (step ST106). 
0202 FIG. 30 shows the nature of subcarrier allocation by 
subcarrier allocation control section 124-1. FIG. 30 shows 
examples in which a first Subcarrier modulation signal is 
placed on subcarriers by means of localized placement. FIG. 
30A shows placement when an input subcarrier modulation 
signal corresponds to a new packet, while FIG. 30B shows 
placement when an input Subcarrier modulation signal corre 
sponds to a retransmission packet at the time of a first retrans 
mission. 

0203 The most important feature of this embodiment is 
that subcarriers on which these first and second subcarrier 
modulation signals are placed are changed according to the 
number of retransmissions. 

0204 Below, examples will be shown of suitable place 
ment methods in a case in which first and second Subcarrier 
modulation signal placement is changed according to the 
number of retransmissions. For the sake of explanation, Sub 
carriers on which a first Subcarrier modulation signal is 
placed are referred to as a first Subcarrier group, and Subcar 
riers on which a second Subcarrier modulation signal is 
placed are referred to as a second Subcarrier group. Also, the 
number of Subcarriers included in a first Subcarrier group is 
designated N1, the number of subcarriers included in a sec 
ond Subcarrier group is designated N2, and the number of 
Subcarriers at consecutive positions in the frequency domain 
to which transmitting apparatus 1400 (terminal) can allocate 
first and second Subcarrier groups is designated N3. In this 
case, N1+N2sN4. 
0205 When a first subcarrier modulation signal is placed 
on Subcarriers using localized placement, methods of chang 
ing Subcarrier allocation every number of retransmissions 
include Method 1 and Method 2 below, for example. 
0206 Method 1 Method based on stipulated pattern: A 
plurality of subcarrier allocation patterns are stipulated by the 
system, corresponding to an N1:N2 ratio. Then one pattern is 
selected from the plurality of provided patterns according to 
the N1:N2 ratio and number of retransmissions Kr. An advan 
tage of this method is that, in the transmitting apparatus, a first 
Subcarrier group and second Subcarrier group can be decided 
with information on the N1:N2 ratio and number of retrans 
missions alone, and which Subcarriers the first Subcarrier 
group and second Subcarrier group are allocated to need not 
be reported from the receiving apparatus to the transmitting 
apparatus. 
0207. At the time of an initial transmission (when Kr-0), 
methods of selecting which Subcarrier allocation pattern is 
used include, for example, a method whereby a selection is 
made based on the criteria described in Embodiment 1 in 
accordance with channel quality measurement results by the 



US 2010/01 04044 A1 

receiving apparatus the first time only, and a method whereby 
a stipulated pattern is used irrespective of the channel quality. 
0208 If the method based on channel quality measure 
ment results is used, first and second Subcarrier group alloca 
tion can be performed according to per-Subcarrier channel 
quality, and therefore Subcarriers with good reception quality 
at the time of an initial transmission can be selected, and the 
probability of retransmission occurring can be reduced. On 
the other hand, with the method whereby a stipulated pattern 
is used irrespective of the channel quality, the frequency with 
which channel quality measurement by the receiving appara 
tus becomes necessary can be reduced, and the amount of 
information reported from the receiving apparatus to the 
transmitting apparatus can be decreased. 
0209 Examples of subcarrier allocation patterns accord 
ing to Method 1 from the time of initial transmission onward 
are shown below for (1) a case in which (N3/2)<N1 and (2) a 
case in which (N3/2)2N1. 
0210 (1) When (N3/2)<N1: The nature of subcarrier allo 
cation in this case is shown in FIG.31A. Subcarrier allocation 
control section 124-1 places a first Subcarrier group on Sub 
carriers with as little overlapping as possible in each retrans 
mission. Consequently, when number of retransmissions Kr 
is an even number, among Subcarriers to which allocation is 
possible, the first Subcarrier group is placed on N1 consecu 
tive subcarriers from the highest-frequency subcarrier to 
lower-frequency Subcarriers (or from the lowest-frequency 
Subcarrier to higher-frequency Subcarriers), and a second 
Subcarrier group is placed on Subcarriers other than these. 
0211 FIG.31A shows an example in which a first subcar 
rier group is placed on N1 consecutive Subcarriers from the 
highest-frequency Subcarrier to lower-frequency Subcarriers 
when number of retransmissions Kris an even number. When 
number of retransmissions Kris an odd number, among Sub 
carriers to which allocation is possible, a first subcarrier 
group is placed on N1 consecutive Subcarriers from the low 
est-frequency Subcarrier to higher-frequency Subcarriers (or 
from the highest-frequency Subcarrier to lower-frequency 
Subcarriers), and a second Subcarrier group is placed on Sub 
carriers other than these. 
0212 FIG.31A shows an example in which a first subcar 
rier group is placed on N1 consecutive Subcarriers from the 
lowest-frequency Subcarrier to higher-frequency Subcarriers 
when number of retransmissions Kr is an odd number. By 
performing placement in this way, a first Subcarrier group is 
Subjected to localized placement on consecutive Subcarriers 
in the frequency domain even at the time of a retransmission, 
enabling the PAPR to be suppressed. 
0213. In addition, the number of first subcarrier group 
Subcarriers placed on the same Subcarriers in an overlapping 
manner can be made extremely small both when number of 
retransmissions Kr is an even number and when number of 
retransmissions Kr is an odd number, enabling frequency 
diversity gain due to retransmission to be increased. 
0214) (2) When (N3/2)2N1: The nature of subcarrier allo 
cation in this case is shown in FIG. 31B. A subcarrier group 
that can be utilized by allocation of first and second subcarrier 
groups is divided into frequency blocks comprising equal 
numbers of subcarriers. The frequency block size is made 
greater than or equal to N1. Subcarrier allocation control 
section 124-1 selects one of the frequency blocks in accor 
dance with a pattern stipulated every number of retransmis 
sions Kr, and a first Subcarrier group is sequentially placed 
there. 
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0215. It is desirable for the size of N1 to be set so that the 
size of a frequency block can be made equal to N1, but if the 
size of a frequency block is smaller than N1, the first subcar 
rier group is allocated to N1 consecutive subcarriers in order 
from a high-frequency Subcarrier or low-frequency Subcarrier 
in the frequency block. A second Subcarrier group is placed 
on Subcarriers other than subcarriers to which the first sub 
carrier group is allocated. 
0216. If the number of frequency blocks is NB, one sub 
carrier group is allocated to the same subcarriers every NB 
retransmissions. By performing Subcarrier allocation in fre 
quency block units in this way, it is possible for the amount of 
information necessary for control to be made Smaller than 
when allocation is performed in Subcarrier units. In addition, 
in up to NB retransmissions, it is possible to place a second 
Subcarrier group in a Subcarrier arrangement that does not 
overlap every retransmission. 
0217 FIG. 32A shows an example in which frequency 
resource allocation at the time of a new packet transmission 
according to this embodiment is performed in accordance 
with Method 1), and FIG. 32B shows an example of fre 
quency resource allocation at the time of a retransmission 
packet transmission when the packet transmitted in FIG. 32A 
is erroneously received. In these examples, cases are shown in 
which channel time fluctuation is gentle with respect to a time 
period until a packet is retransmitted, and channel quality 
hardly changes. 
0218. At the time of a new transmission in FIG. 32A, a 
second Subcarrier modulation signal is allocated to subcarri 
ers with high channel quality on average. Consequently, a 
second Subcarrier modulation signal can be received with 
good characteristics. On the other hand, there is a Subcarrier 
with extremely low channel quality (a null Subcarrier) among 
the Subcarriers to which a first Subcarrier modulation signal is 
allocated, and this causes degradation of the reception char 
acteristics of a modulation symbol modulated as a first Sub 
carrier modulation signal. 
0219. In a first subcarrier modulation signal, individual 
symbol components included in N1 outputs from carrier 
modulation section 106 are included in a form in which all 
DFT section outputs (one subcarrier group) are multiplied by 
a DFT operator by passing through DFT section 107. In other 
words, N1 modulation symbol signal components are 
included in one subcarrier of a first subcarrier modulation 
signal. 
0220 That is to say, with a first subcarrier modulation 
signal, if the channel quality of one Subcarrier degrades, the 
channel quality of all N1 modulation symbols falls on aver 
age. For a first Subcarrier modulation signal, individual 
modulation symbols are extracted while Suppressing multi 
path interference by applying ZF standard or MMSE standard 
frequency domain equalization, but if a poor-quality Subcar 
rier is present at the time of frequency domain equalization, 
residual multipath interference after equalization increases, 
and therefore the channel quality of a plurality of modulation 
symbols falls. 
0221) Here, in a second subcarrier modulation signal, indi 
vidual symbol components included in N2 outputs from car 
rier modulation section 108 are mapped one-to-one to indi 
vidual S/P section outputs. Consequently, with a second 
Subcarrier modulation signal, even if the channel quality of 
one Subcarrier degrades, a fall in channel quality due to that 
subcarrier is limited to only one of the N2 modulation sym 
bols. 
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0222. Therefore, if subcarrier allocation is not changed at 
the time of a retransmission, and retransmission is performed 
using the same placement as in FIG. 32A, received signals 
with poor reception quality will be combined for a first sub 
carrier modulation signal, and characteristic improvement 
due to combining will be limited. 
0223. In contrast, in this embodiment subcarrier allocation 

is changed as shown in FIG. 32B when retransmitting, and 
therefore a first subcarrier modulation signal is allocated to 
Subcarriers with good channel quality, and a first Subcarrier 
modulation signal is received with better characteristics than 
at the time of the initial transmission. 

0224. On the other hand, although part of a second sub 
carrier modulation signal becomes a null Subcarrier, it is 
received with better characteristics than by means of the 
initial transmission alone. Therefore, by combining an initial 
transmission packet and a retransmission packet in the receiv 
ing apparatus by means of a method described later herein, 
variance in the post-combining reception quality of code bits 
corresponding to a first Subcarrier modulation signal and 
second Subcarrier modulation signal respectively can be 
reduced. As a result, the probability of an error being included 
in a packet after error correction decoding can be reduced. 
0225. As described in Embodiment 1, a method may also 
be applied whereby MCS setting by carrier modulation sec 
tion 106 and carrier modulation section 108 for a first subcar 
rier modulation signal and second Subcarrier modulation sig 
nal is decided based on first Subcarrier modulation signal 
reception characteristics. 
0226. In this case, since Subcarrier allocation is changed 
due to a retransmission, even if the channel quality of a 
Subcarrier allocated to a second Subcarrier modulation signal 
degrades, when first and second Subcarrier modulation signal 
reception characteristics are compared the probability of sec 
ond Subcarrier modulation signal reception characteristics 
being better than first Subcarrier modulation signal reception 
characteristics increases, and therefore the characteristic 
improvement effect of changing Subcarrier allocation at the 
time of a retransmission is not impaired. 
0227. The reason for this is as follows. Namely, a received 
signal corresponding to a first Subcarrier modulation signal is 
susceptible to multipath interference that cannot be elimi 
nated even by using frequency domain equalization due to the 
influence of channel estimation error or the like, and its recep 
tion characteristics are prone to degradation. In particular, the 
larger the M-ary modulation value in a modulation method, 
the greater is such susceptibility. Consequently, if the recep 
tion characteristics of first and second Subcarrier modulation 
signals are compared when channel quality is of the same 
level for both and the same M-ary modulation value is used 
for both, there is a high probability of second subcarrier 
modulation signal reception characteristics being better than 
first Subcarrier modulation signal reception characteristics. 
This is particularly pronounced when a modulation method 
with a high M-ary modulation value, such as 16QAM or 
64QAM, is used. 
0228. Therefore, setting an MCS based on first subcarrier 
modulation signal reception characteristics enables good 
reception characteristics to be obtained for a single retrans 
mission packet. Furthermore, performing combining with a 
previous packet transmitted using different Subcarrier alloca 
tion enables post-combining reception quality variance to be 
reduced and good reception characteristics to be obtained. 
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0229 When time fluctuation of a channel is sufficiently 
fast relative to a time interval until a packet is retransmitted, 
and per-retransmission channel correlation is low, Subcarrier 
allocation is not changed for each retransmission and vari 
ance in the post-combining reception quality of code bits 
corresponding to a first Subcarrier modulation signal and 
second Subcarrier modulation signal respectively is reduced 
compared with a case in which channel correlation is high, 
and therefore the characteristic improvement effect due to the 
use of Method 1 is weakened. However, even in this case, 
the use of Method 1 is not a cause of degradation. 
0230 Method 2 Frequency resource allocation is per 
formed that takes the QoS of transmission data into consid 
eration, as described in Embodiment 1. The nature of subcar 
rier allocation by means of Method 2 is shown in FIG. 33A 
and FIG.33B. Subcarrier allocation for first and second sub 
carrier modulation signals at the time of a retransmission is 
changed as described below according to whether quality is 
prioritized or rate is prioritized. By this means, the same kind 
of effect as described in Embodiment 1 is obtained. 
0231 When quality is prioritized, a first subcarrier modu 
lation signal is allocated preferentially to subcarriers with 
good channel quality, and a second Subcarrier modulation 
signal is allocated to the remaining Subcarriers, as shown in 
FIG. 33A. Since characteristic degradation due to multipath 
interference is greater for a first Subcarrier modulation signal 
than for a second Subcarrier modulation signal, preferentially 
allocating that first Subcarrier modulation signal to Subcarri 
ers with good channel quality enables characteristic degrada 
tion due to multipath interference to be suppressed, and high 
reception quality to be obtained. 
0232. When rate is prioritized, a second subcarrier modu 
lation signal is allocated preferentially to subcarriers with 
good channel quality, and a first Subcarrier modulation signal 
is allocated to the remaining Subcarriers, as shown in FIG. 
33B. Since characteristic degradation due to multipath inter 
ference is Small and a rate increasing effect of application of 
a high M-ary modulation value is great for a second Subcarrier 
modulation signal, preferentially allocating a second Subcar 
rier modulation signal to Subcarriers with good channel qual 
ity enables a high transmission rate to by obtained by using a 
high M-ary modulation value. 
0233. The above-described configuration is particularly 
effective when channel time fluctuation is sufficiently fast 
relative to a time interval until a packet is retransmitted (that 
is, when channel time fluctuation is shorter than a packet 
transmission interval, and correlation between channels on 
which packets are transmitted is low), and transmission of 
channel quality measurement information from a receiving 
apparatus keeps pace with channel fluctuation. 
0234. A configuration of a receiving apparatus of this 
embodiment is shown in FIG. 34. Parts in FIG. 34 corre 
sponding to parts in FIG. 5 are assigned the same reference 
codes as in FIG. 5. Receiving apparatus 1500 (base station) is 
provided in a base station of a communication system, and 
receives and demodulates a signal transmitted from transmit 
ting apparatus 1400 (terminal). 
0235 First, the reception system of receiving apparatus 
1500 (base station) will be described. 
0236 A series of processing operations performed by 
antenna 201 through deinterleaver 219 in receiving apparatus 
1500 (base station) are the same as in Embodiment 1, and 
therefore detailed descriptions thereofare omitted here, but it 
is a particular presupposition of this embodiment that these 
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reception processing operations are performed in packet 
units. Consequently, per-code-bit soft decision likelihood 
values output from deinterleaver 219 are output collectively 
in received packet units. All processing described hereinafter 
in this embodiment is also performed in packet units. 
0237. A soft decision likelihood value of a packet received 
in current reception processing, output from deinterleaver 
219, is input to packet combining section 1501. In addition, a 
packet soft decision likelihood value accumulated up to the 
previous time, output from reception buffer section 1502, is 
also input to packet combining section 1501. However, pro 
vision is made for input to be performed from reception buffer 
section 1502 only when an error was detected in the packet 
received the previous time—that is, when the packet received 
this time is a retransmission packet. 
0238 Packet combining section 1501 shown in FIG. 36B 

is equipped with input detection section 1511, Switching sec 
tion 1512, and addition section 1510. When a soft decision 
likelihood value of a packet received this time and a packet 
soft decision likelihood value accumulated up to the previous 
time are both input, packet combining section 1501 performs 
Combining Processing 1 below. On the other hand, when only 
a soft decision likelihood value of a packet received this time 
is input, packet combining section 1501 performs Combining 
Processing 2 below. 
0239 Combining Processing 1: In this case, the packet 
received this time is a retransmission packet, and therefore a 
soft decision likelihood value of the packet received this time 
and a packet soft decision likelihood value accumulated up to 
the previous time are combined by being added in units of 
code bits included in the packets. In the case of Combining 
Processing 1, input detection section 1511 detects that a soft 
decision likelihood value up to the previous time has been 
input from reception buffer section 1502. On detecting that a 
soft decision likelihood value has been input, input detection 
section 1511 switches the state of switching section 1512 to 
position A. By this means, a soft decision likelihood value of 
the packet received in the current reception processing and a 
packet soft decision likelihood value accumulated up to the 
previous time are combined by adder 1510. A combined 
packet soft decision likelihood value is output to decoding 
section 220 and reception buffer section 1502. 
0240 Combining Processing 2: In this case, the packet 
received this time is a new packet, and therefore a soft deci 
sion likelihood value of the packet received this time is output 
directly to decoding section 220 and reception buffer section 
1502. That is to say, packet combining is not performed in this 
case. In the case of Combining Processing 2, nothing is input 
to input detection section 1511 from reception buffer section 
1502. In this case, input detection section 1511 switches the 
state of switching section 1512 to position B. By this means, 
only a soft decision likelihood value of the packet received in 
the current reception processing is output to decoding section 
220 and reception buffer section 1502. 
0241 Decoding section 220 performs decoding process 
ing based on a soft decision likelihood value of each bit 
included in the combined output by packet by packet com 
bining section 1501. A data packet decoded by decoding 
section 220 is sent to error detection section 1503 and 
received data output section 1504. 
0242. Using an error detection code added by packet gen 
eration section 1402 of transmitting apparatus 1400 (termi 
nal), error detection section 1503 determines whether or not 
an error is included in the decoded data packet. Error detec 
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tion section 1503 generates NACK (Negative Acknowledg 
ment) as a response signal if an error is detected in the 
decoded data packet, or generates ACK (Acknowledgment) if 
an erroris not detected. Error detection section 1503 sends the 
generated response signal to reception buffer section 1502, 
received data output section 1504, and retransmission control 
information generation section 1505. 
0243 When a soft decision likelihood value of packets up 
to this time is input from packet combining section 1501, 
reception buffer section 1502 stores this in internal memory. 
Then, when ACK (Acknowledgment) is input as a response 
signal from the error detection section, the soft decision like 
lihood value stored in internal memory is discarded. If NACK 
(Negative Acknowledgment) is input as a response signal, the 
soft decision likelihood value is kept stored in internal 
memory. A soft decision likelihood value stored up to this 
time is output to packet combining section 1501 at the same 
time as a soft decision likelihood value of the next packet is 
output from deinterleaver 219. If nothing is stored in the 
memory, nothing is output. 
0244. When ACK (Acknowledgment) is input from error 
detection section 1503 as a response signal, received data 
output section 1504 outputs as received data a part corre 
sponding to transmission data within a data packet input from 
decoding section 220. If NACK (Negative Acknowledgment) 
has been input as a response signal, nothing is output. As 
described above, only data transmitted from transmitting 
apparatus 1400 (terminal) without error is output as received 
data. 
0245 Next, the transmission system of receiving appara 
tus 1500 (base station) will be described. 
0246 A response signal from error detection section 1503 

is input to retransmission control information generation sec 
tion 1505. Retransmission control information generation 
section 1505 calculates number of retransmissions Kr indi 
cating how many times NACK (Negative Acknowledgment) 
has been input consecutively as a response signal. Retrans 
mission control information generation section 1505 sends 
number of retransmissions Kr to frequency resource alloca 
tion control section 210, and sends a response signal to encod 
ing section 221. 
0247 Frequency resource allocation control section 210 
controls which of first and second subcarrier modulation sec 
tion 104 and 105 outputs is allocated to which subcarriers 
based on per-Subcarrier channel quality information output 
from channel quality measurement section 207 and number 
of retransmissions Kr. That is to say, in the same way as in 
Embodiment 1, frequency allocation information decided 
here is transmitted to transmitting apparatus 1400 (terminal) 
in FIG. 25, and in transmitting apparatus 1400 (terminal) 
control is performed as to which subcarriers first and second 
subcarrier modulation section 104 and 105 outputs are placed 
on based on this frequency allocation information. Also, fre 
quency resource allocation information is stored infrequency 
resource allocation information storage section 211, and is 
used for separation of a first Subcarrier modulation signal and 
second Subcarrier modulation signal when a packet transmit 
ted from transmitting apparatus 1400 (terminal) is received. 
0248. As described above, packet retransmission is pos 
sible between transmitting apparatus 1400 (terminal) and 
receiving apparatus 1500 (base station) in which subcarrier 
allocation is changed according to an HARQ number of 
retransmissions. In this embodiment, with regard to a packet 
Soft decision likelihood value that is packet combining sec 
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tion output, changing Subcarrier allocation enables variance 
in reception quality between bits allocated to a first subcarrier 
modulation signal and bits allocated to a second Subcarrier 
modulation signal to be reduced, and allows an improvement 
in reception characteristics after error correction decoding to 
be expected. 
0249. In this embodiment, variance in reception quality 
between bits allocated to a first subcarrier modulation signal 
and bits allocated to a second Subcarrier modulation signal is 
reduced by making the operation of Subcarrier allocation 
control section 124-1 of transmitting apparatus 1400 (termi 
nal) in FIG. 25 variable according to number of retransmis 
sions Kr. 
0250) As a different mode, subcarrier allocation may be 
fixed, while an interleave pattern used in interleaver 102 and 
deinterleaver 219 operations is made variable according to 
number of retransmissions Kr. Specifically, an interleaver 
control section is provided that performs variable control of 
an interleave pattern of interleaver 102 according to the num 
ber of retransmissions. As a result, encoding section 101 
output bits are allocated to different subcarriers in each 
retransmission, enabling variance in reliability between bits 
in a packet combining section output Soft decision likelihood 
value to be reduced, and reception characteristics to be 
improved. 
0251 With this configuration, an apparatus can be made 
simpler than in the case of the previously described configu 
ration. This is because only a number of interleavers neces 
sary for number of retransmissions Kr need be provided, 
whereas a number of Subcarrier allocation patterns necessary 
for a combination of number of retransmissions Kr and 
N1:N2 must be provided. 
0252. On the other hand, with regard to the method of 
changing an interleaver, it is difficult to implement flexible 
Subcarrier placement according to the reception characteris 
tics of individual subcarriers, and therefore the degree of 
quality improvement that can be achieved by pattern chang 
ing at the time of a retransmission is limited. 
0253. In this embodiment, a case has been described in 
which packet combining section 1501 of receiving apparatus 
1500 (base station) in FIG. 34 simply adds soft decision 
likelihoods included in a received packet without regard to the 
number of retransmissions, but it is preferable to execute 
weighting according to per-bit reception quality before per 
forming addition. That is to say, it is preferable to multiply a 
packet soft decision value by a large weighting coefficient for 
a packet with high reception quality, or by a small weighting 
coefficient for a packet with low reception quality, before 
performing addition. 
0254 As an indicator of channel quality, a packet average 
reception SINR or the like measured by channel quality mea 
surement section 207 may be used. Although not shown in the 
drawings, if an average reception SINR is input to packet 
combining section 1501, and weighting proportional to the 
average reception SINR is executed before performing packet 
addition, the same kind of effect can be obtained as by per 
forming maximal-ratio combining of packets. 
0255 Also, in this embodiment a case has been described 
in which a CC method is used as an HARQ method, but it is 
also possible to use an IR (Incremental Redundancy) method 
from among HARQ methods as a separate embodiment. 
Details of an IR method are given in Non-Patent Document 4, 
for example, and therefore a detailed description thereof is 
omitted here. Actually, in a broad sense, a CC method is also 
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considered to be a form of IR method (see Non-Patent Docu 
ment 5, for example). When a CC method is used, the same 
encoded bit sequence as in an initial transmission is transmit 
ted as a retransmission packet, whereas when an IR method is 
used, a different encoded bit sequence from that in an initial 
transmission is transmitted as a retransmission packet. 
0256 With an IR method, an encoded bit sequence form 
ing a retransmission packet includes the same bits as trans 
mitted up to the previous time and newly added bits (such as 
a parity bit), and accordingly some bits transmitted up to the 
previous time are not included. Therefore, if the same bits are 
included in both packets to be combined when packet soft 
decision likelihood values are combined by packet combining 
section 1501, those soft decision likelihood values are added 
before output, and for a bit included in only one of the pack 
ets, a logarithmic likelihood value of that bit is output directly. 
In general, an IR method enables better reception quality to be 
obtained than a CC method by transmitting with new encoded 
bits added (see Non-Patent Document 4, etc.). 

Embodiment 7 

0257. In this embodiment, a description will be given of a 
configuration that provides an HARQ function when a trans 
mitting apparatus that transmits a signal in which first and 
second Subcarrier modulation signals are mixed is provided in 
a base station. 
0258 Below, only configuration parts that differ from 
Embodiment 6 will be described. 
(0259 FIG. 35, in which parts corresponding to those in 
FIG. 3, FIG. 10, and FIG. 25 are assigned the same reference 
codes as in FIG. 3, FIG. 10, and FIG. 25, shows the configu 
ration of transmitting apparatus 1600 of this embodiment. 
Transmitting apparatus 1600 is provided in a base station. 
0260 Channel quality information extraction section 121 
of transmitting apparatus 1600 extracts channel quality infor 
mation transmitted from a receiving apparatus (terminal) 
from a received signal. Retransmission control information 
extraction section 1401 calculates a number of retransmis 
sions based on a response signal transmitted from the receiv 
ing apparatus. 
0261 Based on the channel quality information, subcar 
rier allocation control section 124-2 decides which subcarri 
ers in the transmission band are to be used by transmitting 
apparatus 1600 when transmitting. In addition, based on the 
channel quality information and number of retransmissions, 
subcarrier allocation control section 124-2 decides subcarrier 
distribution for allocating a first Subcarrier modulation signal 
and second Subcarrier modulation signal, and outputs the 
results to parser section 103 and Subcarrier mapping section 
110. 
0262 FIG. 36A, in which parts corresponding to those in 
FIG. 5, FIG. 11, and FIG.34 are assigned the same reference 
codes as in FIG. 5, FIG. 11, and FIG. 34, shows a configura 
tion of a receiving apparatus of this embodiment. Receiving 
apparatus 1700 is provided in a terminal. 
0263. In this embodiment, subcarrier allocation in accor 
dance with a number of retransmissions is decided by trans 
mitting apparatus 1600 (base station) in FIG.35 and reported 
to receiving apparatus 1700 (terminal). Therefore, in receiv 
ing apparatus 1700 (terminal), frequency resource allocation 
information extraction section 601 extracts subcarrier alloca 
tion information transmitted from transmitting apparatus 
1600. Then, based on the extracted Subcarrier allocation 
information, Subcarrier mapping section 208 can separate a 
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Subcarrier group to which a first Subcarrier modulation signal 
is allocated and a Subcarrier group to which a second Subcar 
rier modulation signal is allocated. 
0264. According to this embodiment, the same kind of 
effect can be obtained as in Embodiment 6. 
0265. In the above embodiment, in order for subcarrier 
allocation to be controlled by transmitting apparatus 1600 
(base station) based on channel quality information observed 
by receiving apparatus 1700 (terminal), channel quality infor 
mation is reported to transmitting apparatus 1600 (base sta 
tion) from receiving apparatus 1700 (terminal). Here, pos 
sible ways of reducing overhead due to the reporting signal 
are a mode whereby channel quality information reported 
from a terminal to a base station is kept to the minimum 
necessary for deciding an MCS. Such as an average reception 
SINR of all subcarrier groups used, for example, or a mode 
whereby an MCS itself is reported and channel quality infor 
mation is not reported. Even in Such cases, the reception 
quality of Subcarrier groups to which first and second Subcar 
rier modulation signals are allocated fluctuates greatly in each 
retransmission if observed only for the respective subcarrier 
groups because Subcarrier allocation is changed according to 
the number of retransmissions, and therefore reception char 
acteristics can be improved by executing weighting in accor 
dance with reception quality in receiving apparatus 1700 
(terminal) before performing soft decision likelihood com 
bining. 

Embodiment 8 

0266. In this embodiment, a description will be given of a 
configuration in which an IR method is applied from among 
HARO methods, and a modulation symbol corresponding to 
each code bit is assigned to a first or second Subcarrier modu 
lation signal according to the importance of the code bit. 
0267 FIG. 37, in which parts corresponding to those in 
FIG.3 and FIG. 25 are assigned the same reference codes as 
in FIG.3 and FIG.25, shows the configuration of the principal 
parts of transmitting apparatus 1800 of this embodiment. In 
FIG. 37, only configuration peripheral parts newly proposed 
in this embodiment are shown; the rest of the configuration is 
the same as in FIG. 25, and is omitted here. 
0268 Based on transmission data, a coding rate, and an 
M-ary modulation value, packet generation section 1402 gen 
erates a new packet if ACK (Acknowledgment) has been 
input as a response signal, or a retransmission packet if 
NACK (Negative Acknowledgment) has been input, and out 
puts the generated packet to encoding section 1801. 
0269. Encoding section 1801 encodes the data packet and 
generates a coded packet, and outputs this to puncturing sec 
tion 1802. The coded packet is composed of two kinds of bit 
sequences: Systematic bits indicating the same value as the 
data packet, and parity bits generated by applying convolu 
tional encoding or block encoding to the data packet. If a 
Turbo code is used as an error correction code, turbo encoding 
with coding rate r-/3 should be performed. For example, 
when anr=/3 Turbo code is used, one systematic bit sequence 
and two different parity bit sequences are generated, and are 
output to puncturing section 1802. 
0270. Using a coding rate input from MCS control section 
122 and number of retransmissions Kr input from retransmis 
sion control information extraction section 1401, puncturing 
section 1802 performs puncturing on the coded packet, and 
outputs a post-puncturing signal to parser section 1803. Punc 
turing section 1802 changes a selection pattern of puncture 
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bits that are eliminated from a coded packet according to 
number of retransmissions Kr. 
0271 A puncture bit selection pattern employed when a 
Turbo code is used for encoding is shown in Non-Patent 
Document 6, for instance. A puncture bit selection pattern 
employed when an LDPC code is used for encoding is shown 
in Non-Patent Document 7, for instance. 
0272. If channel quality fluctuation in each retransmission 

is large, the coding rate decided by MCS control section 122 
may be changed each time a retransmission is performed. 
0273. As a result of changing the coding rate as described 
above, the puncture bit selection pattern changes. By newly 
transmitting puncture bits that were not transmitted the pre 
vious time in this way, better characteristics can generally be 
obtained with an IR method than with a CC method. 
0274 Based on distribution information from subcarrier 
allocation control section 124-1, parser section 1803 outputs 
a bit sequence forming an input coded packet to either inter 
leaver 1804-1 or interleaver 1804-2. At this time, parser sec 
tion 1803 preferentially outputs systematic bits within the 
coded packet to interleaver 1804-2 if number of retransmis 
sions Kr=0, or outputs parity bits preferentially to interleaver 
1804-2 if Kro-0. 
(0275 Interleaver 1804-1 interleaves an input encoded bit 
sequence in accordance with a predetermined interleave pat 
tern, and outputs post-interleaving data to first Subcarrier 
modulation section 104. Similarly, interleaver 1804-2 inter 
leaves an input encoded bit sequence in accordance with a 
predetermined interleave pattern, and outputs post-interleav 
ing data to second subcarrier modulation section 105. 
0276 By employing the above configuration, systematic 
bits can be transmitted allocated preferentially to a second 
Subcarrier modulation signal when number of retransmis 
sions Kr-0. Thus, the characteristic of second subcarrier 
modulation signal reception quality being better than first 
Subcarrier modulation signal reception quality can be utilized 
to improve the reception quality of high-importance system 
atic bits as information, and to improve overall transmission 
signal reception quality. 
0277. When number of retransmissions Krd-0, parity bits 
can be transmitted allocated preferentially to a second sub 
carrier modulation signal. Thus, overall transmission signal 
reception quality can be improved by improving the reception 
quality of parity bits newly generated for a retransmission. 
Incidentally, when Kro-0, systematic bits have already been 
transmitted at least once, and therefore a reception quality 
improvement effect is relatively low even if they are trans 
mitted allocated to a second Subcarrier modulation signal. 
0278 FIG. 38, in which parts corresponding to those in 
FIG. 5 and FIG.34 are assigned the same reference codes as 
in FIG.5 and FIG.34, shows the configuration of the principal 
parts of receiving apparatus 1900 of this embodiment. In FIG. 
38, only configuration peripheral parts newly proposed in this 
embodiment are shown; the rest of the configuration is the 
same as in FIG. 34, and is omitted here. 
0279 Deinterleaver 1901-1 deinterleaves soft decision 
likelihood values input from first likelihood weighting sec 
tion 214 in accordance with a predetermined interleave pat 
tern, and outputs a post-deinterleaving signal to deparser 
section 1902. Similarly, deinterleaver 1901-2 deinterleaves 
soft decision likelihood values input from second likelihood 
weighting section 217 in accordance with a predetermined 
interleave pattern, and outputs a post-deinterleaving signal to 
deparser section 1902. 
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0280 Deparser section 1902 performs an operation that is 
the reverse of the operation by parser section 1803 of trans 
mitting apparatus 1800, using frequency resource allocation 
information from frequency resource allocation information 
storage section 211 and retransmission control information 
stored in retransmission control information storage section 
1912. By this means, deparser section 1902 makes soft deci 
sion likelihood values input from first and second likelihood 
weighting sections 214 and 217 a serial signal. Deparser 
section 1902 outputs encoded packet soft decision likelihood 
values made into a serial signal to packet combining section 
1910. 
0281. The internal configuration of packet combining sec 
tion 1910 is described below. 
0282 Packet combining section 1910 performs different 
weighting on Soft decision likelihood values of a newly 
received transmission packet and packets previously received 
and accumulated in reception buffer section 1502, and then 
performs combining and output. Weighting is decided by 
likelihood weighting deciding section 1916 using channel 
quality information input from channel quality measurement 
section 207, and weighting coefficients are output to likeli 
hood weighting section A (1913) and likelihood weighting 
section B (1914). If the channel quality of a packet newly 
received this time is better than the average channel quality in 
previous packet reception, a relatively large weighting coef 
ficient is output to likelihood weighting section A (1913), and 
a small weighting coefficient is output to likelihood weight 
ing section B (1914). Conversely, if the channel quality of a 
packet newly received this time is relatively poor, a smaller 
weighting coefficient is output to likelihood weighting sec 
tion A (1913) than to likelihood weighting section B (1914). 
0283. Using number of retransmissions Kr stored in 
retransmission control information storage section 1912 and 
a coding rate input from MCS information extraction section 
209, depuncturing section 1911 performs depuncturing pro 
cessing on an encoded packet input from deparser section 
1902, and outputs a post-depuncturing-processing signal to 
likelihood weighting section A (1913). 
0284. Using a likelihood weighting coefficient input from 
likelihood weighting deciding section 1916, likelihood 
weighting section A (1913) weights a soft decision likelihood 
value of an encoded packet input from depuncturing section 
1911, and outputs a post-weighting signal to likelihood com 
bining section 1915. 
0285) Similarly, when an encoded packet output from like 
lihood weighting section A (1913) is a retransmission packet, 
likelihood weighting section B (1914) weights a soft decision 
likelihood value of an encoded packet input from reception 
buffer section 1502 using a weighting coefficient input from 
likelihood weighting deciding section 1916, and outputs a 
post-weighting signal to likelihood combining section 1915. 
When an encoded packet output from likelihood weighting 
section A (1913) is a new packet, nothing is input to likeli 
hood weighting section B (1914) from reception buffer sec 
tion 1502, as described in Embodiment 6, and likelihood 
weighting section B (1914) does not output anything. 
0286 By means of the above configuration, weighting can 
be performed that increases soft decision likelihood value 
reliability for a packet with good reception quality. 
0287. If an encoded packet has been input only from like 
lihood weighting section A (1913), likelihood combining sec 
tion 1915 outputs the encoded packet directly to decoding 
section 220. If encoded packets have been input from both 
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likelihood weighting section A (1913) and likelihood weight 
ing section B (1914), likelihood combining section 1915 adds 
their soft decision likelihood values in bit units, and outputs 
the addition result to decoding section 220. 
0288 Decoding section 220 decodes a soft decision like 
lihood value of an input encoded packet, and outputs the 
decoded result to received data output section 1504. When 
ACK (Acknowledgment) is input from error detection section 
1503, received data output section 1504 outputs received 
data. 
0289. As described above, according to this embodiment, 
provision is made forbits that include important information 
in each retransmission to be transmitted allocated to a second 
Subcarrier modulation signal whose reception quality is 
expected to be relatively good, enabling soft decision likeli 
hood values of packets with good reception quality to be 
utilized effectively on the receiving side, and post-decoding 
reception quality to be improved. 

Embodiment 9 

0290. In this embodiment, a description will be given of a 
configuration that provides the HARQ function described in 
Embodiments 6 and 8 in the MIMO transmitting apparatus 
described in Embodiment 4. 
0291. As explained in Embodiment 4, a MIMO transmit 
ting apparatus has a plurality of antennas. Possible configu 
rations here are an MCW (Multiple CodeWord) configuration 
that simultaneously transmits an independent packet from 
each antenna, and an SCW (Single CodeWord) configuration 
that transmits one packet using all the antennas. 
0292 FIG. 39, in which parts corresponding to those in 
FIG.16 and FIG.25 are assigned the same reference codes as 
in FIG. 16 and FIG. 25, shows a configuration of a transmit 
ting apparatus of this embodiment corresponding to an MCW 
configuration. FIG. 40, in which parts corresponding to those 
in FIG.16 and FIG. 25 areassigned the same reference codes 
as in FIG. 16 and FIG. 25, shows a configuration of a trans 
mitting apparatus of this embodiment corresponding to an 
SCW configuration. Transmitting apparatus 2000 in FIG. 39 
and transmitting apparatus 2100 in FIG. 40 each have n trans 
mitting antennas 116-1 through 116-in, and perform MIMO 
communication. 
0293 Transmitting apparatus 2000 employing an MCW 
configuration, shown in FIG. 39, is equipped with n transmis 
sion blocks 2000A-1 through 2000A-n, containing packet 
generation section 2502 through RF transmission section 
115, corresponding to the antennas. Independent transmis 
sion data is input to packet generation section 2502 of each of 
transmission blocks 2000A-1 through 2000A-n, undergoes 
execution of a series of radio transmission processing opera 
tions comprising packet generation, encoding, and modula 
tion individually, and is transmitted from corresponding 
transmitting antenna 116-1 through 116-in. 
0294 With an MCW configuration, a plurality of packets 
are transmitted simultaneously, and therefore a situation is 
assumed in which an error is detected in only one of those 
packets. In this case, a retransmission packet and a new packet 
are transmitted simultaneously using a plurality of antennas 
at the time of the next transmission. At this time, as explained 
in Embodiment 4, with regard to identical Subcarriers space 
multiplexed using a plurality of antennas, it is desirable to 
transmit the same kind of (first or second) Subcarrier modu 
lation signal. By this means, when a space demultiplexing 
method is applied to space-multiplexed Subcarrier modula 
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tion signals of the same kind in a receiving apparatus, a 
nonlinear space demultiplexing method such as MLD can be 
applied since second Subcarrier modulation signals are space 
multiplexed as the same kind of Subcarrier modulation sig 
nals. 
0295. In addition, it is desirable for allocation to subcarri 
ers of first and second Subcarrier groups made common on an 
antenna-by-antenna basis to be decided based on the recep 
tion quality of a channel that transmits a retransmission 
packet for which number of retransmissions Kr is largest 
among a plurality of packets transmitted simultaneously. In 
this way, the reception quality of a retransmission packet can 
be improved in particular among simultaneously transmitted 
packets, and error-free transmission can be achieved in a 
Small number of retransmissions. 
0296. On the other hand, transmitting apparatus 2100 
employing an SCW configuration, shown in FIG. 40, is 
equipped with only one packet generation section 1402 and 
one encoding section 101, and an encoded packet output from 
encoding section 101 is distributed to n transmission blocks 
2100B-1 through 21008-in via parser section 2101. Thereaf 
ter, signals distributed by parser section 2101 individually 
undergo execution of a series of radio transmission process 
ing operations by interleaver 102 through RF transmission 
section 115, and are transmitted from an antenna in the case of 
an SCW configuration, only one packet is transmitted using a 
plurality of antennas simultaneously, and therefore Subcarrier 
allocation can be selected on the same kind of basis as in 
Embodiment 4 even when transmitting a retransmission 
packet. 

Embodiment 10 

0297 FIG. 41, in which parts corresponding to those in 
FIG. 3, FIG. 21, and FIG. 25 are assigned the same reference 
codes as in FIG. 3, FIG. 21, and FIG. 25, shows the configu 
ration of the principal parts of transmitting apparatus 2200 of 
this embodiment. Transmitting apparatus 2200 has transmis 
sion power control information extraction section 1301 in the 
same way as transmitting apparatus 1300 described in 
Embodiment 5. In addition, transmitting apparatus 2200 has 
transmission power control section 2201. Transmission 
power control information from transmission power control 
information extraction section 1301 and a number of retrans 
missions from retransmission control information extraction 
section 1401 are input to transmission power control section 
2201. 

0298 Transmission power control section 2201 decides 
reference transmission power P0 based on transmission 
power control information reported from a receiving appara 
tus and extracted by transmission power control information 
extraction section 1301. If number of retransmissions Kr-0, 
reference transmission power P0 is sent to RF transmission 
section 115 and subcarrier allocation control section 2202 as 
transmission power information. If number of retransmis 
sions Krd-0, a positive value in accordance with number of 
retransmissions Kris added to reference transmission power 
P0, and the resulting value is sent to RF transmission section 
115 and subcarrier allocation control section 2202 as trans 
mission power information. In this way, the probability of 
communication Succeeding can be increased by performing 
transmission with transmission power for Suppressing inter 
ference vis-a-vis another transmitting apparatus set low when 
transmitting a new packet, and increasing transmission power 
only when a retransmission becomes necessary. 
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0299 Subcarrier allocation control section 2202 variably 
controls the ratio of first and second subcarrier modulation 
signals in Subcarrier allocation in accordance with the rela 
tionship shown in FIG. 23 based on transmission power con 
trol information, in the same way as in Embodiment 5. Here, 
in a system in which transmission power is stipulated by peak 
transmission power, which is the maximum value of instan 
taneous power of a transmission signal included in one 
packet, permissible peak transmission power increases in 
accordance with an increase in the number of retransmis 
sions, and therefore transmission power limitation due to a 
PAPR decreases, and the proportion of a second subcarrier 
modulation signal for which the PAPR becomes larger can be 
increased. By this means, interference can be suppressed by 
setting transmission power low when a retransmission does 
not occur, and whena retransmission occurs the probability of 
a retransmission Succeeding can be increased by increasing 
the second Subcarrier modulation signal proportion. 
0300. On the other hand, in a system in which transmission 
power is stipulated by the average power of a transmission 
signal included in one packet, set average transmission power 
increases in accordance with an increase in the number of 
retransmissions, and therefore the difference between peak 
transmission power and set average power becomes Smaller, 
and a transmission power margin due to a PAPR decreases. 
When the transmission power margin falls below PAPR 
maximum value Dmax at this time, such as at the cell edge 
distant from the base station, provision is made for the first 
Subcarrier modulation signal proportion to be increased and 
the second Subcarrier modulation signal proportion to be 
decreased. 

0301 This processing is effective when there is little 
residual multipath interference when a first subcarrier modu 
lation signal is equalized, and an improvement in reception 
quality due to increased first and second Subcarrier modula 
tion signal average transmission power exceeds degradation 
of reception quality due to a decrease in the second Subcarrier 
modulation signal proportion, Such as when a channel fre 
quency characteristic obtained from channel quality informa 
tion extraction section 121 is nearly flat. Furthermore, this 
processing is also effective when residual multipath interfer 
ence robustness is comparatively good, and BPSK or QPSK 
having a low M-ary modulation value is used as a modulation 
method. 

0302. On the other hand, when a drop in reception quality 
due to a decrease in the second Subcarrier modulation signal 
proportion exceeds an improvement in reception quality due 
to increased average transmission power, Such as when 
16QAM or 64QAM having a high M-ary modulation value is 
used as a modulation method, it is desirable to perform pro 
cessing that increases transmission power in a range that 
satisfies a PAPR limitation, without changing the first and 
second Subcarrier modulation signal ratio. 
0303 Examples of transmission power control by trans 
mission power control section 2201 based on the number of 
retransmissions and modulation method are shown in FIG. 
42. Here, the maximum transmission power that can be uti 
lized, decided by a system stipulation or transmitting appa 
ratus capability, is called maximum transmission power. 
When residual multipath interference robustness is compara 
tively good, and BPSK, QPSK, or the like is used as a modu 
lation method, the probability of a retransmission Succeeding 
is increased by increasing the transmission power (average 
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transmission power or peak transmission power) set value in 
accordance with an increase in the number of retransmis 
sions, as shown in FIG. 42A. 
0304. On the other hand, when 16QAM, 64QAM, or the 
like having comparatively poor residual multipath interfer 
ence robustness is used as a modulation method, the maxi 
mum value of transmission power that is increased in accor 
dance with an increase in the number of retransmissions is set 
to a value having a fixed back-off DX from the maximum 
transmission power (where Dmins DXs max), as shown in 
FIG. 42B. In this way, when a modulation method with poor 
residual multipath interference robustness is used, a back-off 
relative to the maximum transmission power is secured for 
transmission power, and transmission power is increased 
within a range in which the second Subcarrier modulation 
signal proportion is not reduced below a fixed level. 
0305 Back-off DX is decided by the maximum value of 
transmission power at which an improvement in reception 
quality due to increased transmission power exceeds degra 
dation of reception quality due to a decrease in the second 
Subcarrier modulation signal proportion. 
0306 Examples of the proportion of a second subcarrier 
modulation signal decided by Subcarrier allocation control 
section 2202 when transmission power is set in accordance 
with the above examples are shown in FIG. 43. When a 
modulation method with a low M-ary modulation value, such 
as BPSK or QPSK, is used, the second subcarrier modulation 
signal proportion is decreased to 0% as transmission power 
increases in accordance with an increase in the number of 
retransmissions. On the other hand, when a modulation 
method with a high M-ary modulation value, such as 16QAM 
or 64QAM, is used, transmission power is increased in accor 
dance with an increase in the number of retransmissions 
within a range in which the second Subcarrier modulation 
signal proportion does not fall below a fixed level. 
0307 As described above, according to this embodiment, 
the probability of a retransmission Succeeding can be 
increased by keeping transmission power low and reducing 
interference when a retransmission does not occur, and 
increasing transmission power to the maximum power at 
which reception quality improves according to the modula 
tion method used when a retransmission occurs. 

Embodiment 11 

0308 FIG. 44 shows a configuration of a transmitting 
apparatus according to Embodiment 11 of the present inven 
tion. As with transmitting apparatus 100 described in 
Embodiment 1, transmitting apparatus 2300 is provided in a 
terminal, and performs uplink transmission. Transmitting 
apparatus 2300 of this embodiment has the same kind of basic 
configuration as transmitting apparatus 100 described in 
Embodiment 1. Transmitting apparatus 2300 of this embodi 
ment is equipped with a plurality of antennas. In FIG. 44, a 
configuration equipped with two transmitting antennas is 
shown as an example. 
0309. Only configuration parts that differ from Embodi 
ment 1 are described below. 
0310. Subcarrier mapping section 110a places first sub 
carrier modulation section 104 output on subcarriers based on 
control information from Subcarrier allocation control section 
124, and outputs the resulting output to IFFT section 111a. 
0311 Subcarrier mapping section 110b places second 
subcarrier modulation section 105 output on subcarriers 
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based on control information from Subcarrier allocation con 
trol section 124, and outputs the resulting output to IFFT 
section 111b. 

0312 FIG. 45 shows examples of the nature of subcarrier 
modulation signal mapping by Subcarrier allocation control 
section 124 and subcarrier mapping sections 110a and 110b. 
FIG. 45A shows a result of frequency domain allocation by 
subcarrier allocation control section 124, FIG. 45B shows a 
Subcarrier mapping section 110a Subcarrier mapping result, 
and FIG. 45C shows a subcarrier mapping section 110b Sub 
carrier mapping result. 
0313 As shown in FIG. 45A, subcarrier allocation control 
section 124 decides subcarriers to which a first subcarrier 
modulation signal is allocated and Subcarriers to which a 
second Subcarrier modulation signal is allocated. 
0314. As shown in FIG. 45B, subcarrier mapping section 
110a maps a first Subcarrier modulation signal to Subcarriers 
based on first Subcarrier modulation signal Subcarrier alloca 
tion information according to Subcarrier allocation control 
section 124. Similarly, as shown in FIG. 45C, subcarrier 
mapping section 110b maps a second Subcarrier modulation 
signal to Subcarriers based on second Subcarrier modulation 
signal Subcarrier allocation information according to Subcar 
rier allocation control section 124. 

0315. In addition to a first subcarrier modulation signal 
data signal from Subcarrier mapping section 110a, a control 
signal from control signal generation section 112 and a pilot 
signal from pilot signal generation section 113 are input to 
IFFT section 111a. IFFT section 111a performs Ns-unit-size 
IFFT processing on these input signals. 
0316 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a first Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
0317 CP adding section 114a adds a CP (Cyclic Prefix) to 
an IFFT section 111a output signal. RF transmission section 
115a executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114a, and sends a 
post-processing signal to antenna 116a. 
0318. Meanwhile, in addition to a second subcarrier 
modulation signal data signal from Subcarrier mapping sec 
tion 110b, a control signal from control signal generation 
section 112 and a pilot signal from pilot signal generation 
section 113 are input to IFFT section 111b. IFFT section 111b 
performs NS-unit-size IFFT processing on these input sig 
nals. 

0319. Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a second Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
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0320 CP adding section 114b adds a CP (Cyclic Prefix) to 
an IFFT section 111b output signal. RF transmission section 
115b executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114b, and sends a 
post-processing signal to antenna 116b. 
0321. By means of the above configuration, it is possible 
for transmitting apparatus 2300 to transmit different subcar 
rier modulation signals from each of a plurality of antennas. 
By this means, the number of subcarriers input to each of 
IFFT sections 111a and 111b can be reduced compared with 
transmitting apparatus 100 of Embodiment 1. Since a prop 
erty of a PAPR stipulated by an IFFT section output signal is 
to be decreased by a reduction in the number of input subcar 
riers, it is thus possible to achieve a PAPR decrease by means 
of the configuration of this embodiment. 
0322. A control signal from control signal generation sec 
tion 112 may be transmitted using either IFFT section 111a or 
IFFT section 111b. 
0323 FIG. 46, in which parts corresponding to those in 
FIG. 44 are assigned the same reference codes as in FIG. 44. 
shows another example of a configuration of a transmitting 
apparatus of this embodiment. In FIG. 44, the configuration 
ahead of first and second subcarrier modulation sections 104 
and 105 is omitted. 
0324. In transmitting apparatus 2400, important data 
among transmission data is input to second Subcarrier modu 
lation section 105. On the other hand, in transmitting appa 
ratus 2400, ordinary data without a high degree of importance 
among transmission data is input to first Subcarrier modula 
tion section 104. By this means, in addition to the effect 
obtained by the configuration of transmitting apparatus 2300. 
an effect of improving the overall transmission signal recep 
tion quality can be obtained by utilizing the characteristic 
whereby the reception quality of a second Subcarrier modu 
lation signal is better than that of a first subcarrier modulation 
signal. 
0325 Important data includes a control signal. As another 
example, when an error correction encoder (encoding section 
101 in FIG. 44) has a configuration that uses a systematic 
code (turbo code, LDPC, or the like), a systematic bit may be 
transmitted as important data allocated preferentially to a 
second Subcarrier modulation signal, and a parity bit may be 
transmitted as ordinary data allocated to a first Subcarrier 
modulation signal. 
0326 FIG. 44 shows a case in which one encoding section 
101 is provided in transmitting apparatus 2300 as an example, 
but a plurality of encoding sections may also be provided, 
and, for example, provision may be made for a first Subcarrier 
modulation signal and a second Subcarrier modulation signal 
to be encoded by separate encoding sections. This also 
applies to other embodiments described later herein. 
0327. In this embodiment, reception processing can be 
performed by means of the same kind of configuration as in 
receiving apparatus 200 (FIG. 5) or 400 (FIG.9) described in 
Embodiment 1. 

Embodiment 12 

0328 FIG. 47 shows a configuration of a transmitting 
apparatus according to Embodiment 12 of the present inven 
tion. As with transmitting apparatus 100 described in 
Embodiment 1, transmitting apparatus 2500 is provided in a 
terminal, and performs uplink transmission. Transmitting 
apparatus 2500 of this embodiment has the same kind of basic 
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configuration as transmitting apparatus 100 described in 
Embodiment 1. Transmitting apparatus 2500 of this embodi 
ment is equipped with a plurality of antennas. In FIG. 47, a 
configuration equipped with two transmitting antennas is 
shown as an example. 
0329. Only configuration parts that differ from Embodi 
ment 1 are described below. 

0330. Subcarrier mapping section 110a places first sub 
carrier modulation section 104 output on subcarriers based on 
control information from Subcarrier allocation control section 
124, and outputs the resulting output to IFFT section 111a. 
0331. Subcarrier mapping section 110c places second sub 
carrier modulation section 105 output on subcarriers based on 
control information from Subcarrier allocation control section 
124, and outputs the resulting output to Subcarrier mapping 
control section 2501. 

0332 FIG. 48 shows examples of the nature of subcarrier 
modulation signal mapping by Subcarrier allocation control 
section 124, Subcarrier mapping sections 110a and 110c, and 
subcarrier mapping control section 2501. FIG. 48A shows a 
result offrequency domain allocation by Subcarrier allocation 
control section 124, FIG. 48B shows subcarrier signals input 
to IFFT section 111a, and FIG. 48C shows subcarrier signals 
input to IFFT section 111c. 
0333. As shown in FIG. 48A, subcarrier allocation control 
section 124 decides subcarriers to which a first subcarrier 
modulation signal is allocated and Subcarriers to which a 
second Subcarrier modulation signal is allocated. 
0334. As shown in FIG. 48B and FIG. 48C, subcarrier 
mapping control section 2501 distributes Subcarrier mapping 
section 110c output based on a predetermined rule, and per 
forms output to IFFT section 111a and IFFT section 111c. 
Here, a rule whereby input Subcarrier signals are output dis 
tributed in specific proportions may be used as a predeter 
mined rule. Alternatively, a rule whereby distribution and 
output are performed based on a specific number of Subcar 
riers may be used as a predetermined rule. 
0335. In addition to a first subcarrier modulation signal 
data signal from Subcarrier mapping section 110a, a second 
Subcarrier modulation signal data signal from Subcarrier 
mapping control section 2501, a control signal from control 
signal generation section 112, and a pilot signal from pilot 
signal generation section 113 are input to IFFT section 111a. 
IFFT section 111a performs Ns-unit-size IFFT processing on 
these input signals. 
0336. Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a first Subcarrier modulation signal is 
mapped, and to some or all of the Subcarriers to which a 
second Subcarrier modulation signal from Subcarrier map 
ping control section 2501 is mapped. By this means, when 
transmission is performed using a plurality of antennas, infor 
mation as to which antenna a first or second Subcarrier modu 
lation signal is transmitted from need not be transmitted 
included in a control signal or the like. That is to say, reception 
processing can be performed appropriately on the receiving 
side by performing channel estimation using a pilot signal. 
0337 CP adding section 114a adds a CP (Cyclic Prefix) to 
an IFFT section 111a output signal. RF transmission section 
115a executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114a, and sends a 
post-processing signal to antenna 116a. 
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0338 Meanwhile, in addition to a second subcarrier 
modulation signal data signal from Subcarrier mapping con 
trol section 2501, a control signal from control signal genera 
tion section 112 and a pilot signal from pilot signal generation 
section 113 are input to IFFT section 111c. IFFT section 111c 
performs NS-unit-size IFFT processing on these input sig 
nals. 

0339 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a second Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
(0340 CP adding section 114c adds a CP (Cyclic Prefix) to 
an IFFT section 111c output signal. RF transmission section 
115c executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114c, and sends a 
post-processing signal to antenna 116c. 
0341. A control signal from control signal generation sec 
tion 112 may be transmitted using either IFFT section 111a or 
IFFT section 111C. 

0342. By means of the above configuration, it is possible 
for transmitting apparatus 2500 to transmit Subcarrier signals 
mapped to different frequency Subcarriers using a plurality of 
antennas. Also, transmitting apparatus 2500 transmits a Sub 
carrier modulation signal allocated to a first Subcarrier modu 
lation signal from one antenna, and distributes a Subcarrier 
modulation signal allocated to a second Subcarrier modula 
tion signal and transmits it from a different antenna. By this 
means, since a property of a PAPR stipulated by an IFFT 
section output signal is to be decreased by a reduction in the 
number of input subcarriers, it is possible to further reduce the 
PAPR of a second subcarrier modulation signal while main 
taining a low first subcarrier modulation signal PAPR. 
0343. In this embodiment, a case has been described in 
which transmitting apparatus 2500 is provided in a terminal 
and performs uplink transmission, but it is also possible to 
apply this embodiment to a case in which a transmitting 
apparatus that transmits a signal in which first and second 
Subcarrier modulation signals are mixed is provided in a base 
station (that is, a case in which a signal in which first and 
second Subcarrier modulation signals are mixed is transmit 
ted in downlink), as described in Embodiment 2. In this case, 
the configuration from Subcarrier mapping section 110 
onward in FIG. 10 should be replaced by the configuration 
from subcarrier mapping sections 110a and 110C onward of 
this embodiment. 

Embodiment 13 

0344 FIG. 49 shows a configuration of a transmitting 
apparatus according to Embodiment 13 of the present inven 
tion. As with transmitting apparatus 100 described in 
Embodiment 1, transmitting apparatus 2600 is provided in a 
terminal, and performs uplink transmission. Transmitting 
apparatus 2600 of this embodiment has the same kind of basic 
configuration as transmitting apparatus 100 described in 
Embodiment 1. Transmitting apparatus 2600 of this embodi 
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ment is equipped with a plurality of antennas. In FIG. 49, a 
configuration equipped with two transmitting antennas is 
shown as an example. 
0345 Only configuration parts that differ from Embodi 
ment 1 are described below. 
0346) Subcarrier mapping section 110a places first sub 
carrier modulation section 104 output on subcarriers based on 
control information from Subcarrier allocation control section 
124, and outputs the resulting output to IFFT section 111a. 
0347 Subcarrier mapping section 110d places second 
subcarrier modulation section 105 output on subcarriers 
based on control information from Subcarrier allocation con 
trol section 124, and outputs the resulting output to Subcarrier 
mapping control section 2601. 
0348 FIG. 50 shows examples of the nature of subcarrier 
modulation signal mapping by Subcarrier allocation control 
section 124, Subcarrier mapping sections 110a and 110d, and 
subcarrier mapping control section 2601. FIG.50A shows a 
result offrequency domain allocation by Subcarrier allocation 
control section 124. FIG. 50 B-1 shows subcarrier signals 
input to IFFT section 111a when the subcarrier mapping 
control section 2601 mapping pattern is A, and FIG. 50B-2 
shows subcarrier signals input to IFFT section 111d when the 
Subcarrier mapping control section 2601 mapping pattern is 
A. FIG. 50C-1 shows subcarrier signals input to IFFT section 
111a when the subcarrier mapping control section 2601 map 
ping pattern is B, and FIG. 50C-2 shows subcarrier signals 
input to IFFT section hid when the subcarrier mapping con 
trol section 2601 mapping pattern is B. 
0349. As shown in FIG.50A, subcarrier allocation control 
section 124 decides subcarriers to which a first subcarrier 
modulation signal is allocated and Subcarriers to which a 
second Subcarrier modulation signal is allocated. 
0350 Subcarrier mapping control section 2601 outputs 
subcarrier mapping section 110d output to IFFT section 111a 
and IFFT section 111d by selecting one of a plurality of 
different predetermined rules, and distributing a second sub 
carrier modulation signal according to that rule. 
0351 FIG.50B (subcarrier mapping pattern A) and FIG. 
50C (subcarrier mapping pattern B) show examples of differ 
ent distribution rules used by Subcarrier mapping control 
section 2601. Here, a rule whereby input subcarrier signals 
are output distributed in specific proportions may be used as 
a predetermined rule. Alternatively, a rule whereby distribu 
tion and output are performed based on a specific number of 
Subcarriers may be used as a predetermined rule. 
0352. In addition to a first subcarrier modulation signal 
data signal from Subcarrier mapping section 110a, a second 
Subcarrier modulation signal data signal from Subcarrier 
mapping control section 2601, a control signal from control 
signal generation section 112, and a pilot signal from pilot 
signal generation section 113 are input to IFFT section 111a. 
IFFT section 111a performs Ns-unit-size IFFT processing on 
these input signals. 
0353 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a first Subcarrier modulation signal is 
mapped, and to some or all of the Subcarriers to which a 
second Subcarrier modulation signal from Subcarrier map 
ping control section 2601 is mapped. By this means, when 
transmission is performed using a plurality of antennas, infor 
mation as to which antenna a first or second Subcarrier modu 
lation signal is transmitted from need not be transmitted 
included in a control signal or the like. That is to say, reception 
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processing can be performed appropriately on the receiving 
side by performing channel estimation using a pilot signal. 
0354 Meanwhile, in addition to a second subcarrier 
modulation signal data signal from Subcarrier mapping con 
trol section 2601, a control signal from control signal genera 
tion section 112 and a pilot signal from pilot signal generation 
section 113 are input to IFFT section 111d. IFFT section 111d 
performs NS-unit-size IFFT processing on these input sig 
nals. 

0355 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a second Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
0356 Based on an IFFT section 111a output signal and 
IFFT section 111d output signal, PAPR measurement section 
2602 measures a PAPR of each output signal. 
0357 If a measured PAPR is greater than or equal to a 
predetermined value, Subcarrier mapping control section 
2601 performs processing to change the Subcarrier mapping 
pattern (subcarrier distribution rule) as described below. 
0358 Subcarrier mapping pattern change processing: If a 
PAPR measurement section 2602 PAPR measurement result 
is greater than or equal to a predetermined value, Subcarrier 
mapping control section 2601 changes the Subcarrier map 
ping pattern. For example, Subcarrier mapping control sec 
tion 2601 changes a mapping pattern of Subcarrier signals 
input to IFFT section 111a and subcarrier signals input to 
IFFT section 111d by changing Subcarrier mapping pattern A 
as shown in FIG.50B-1 and FIG.50B-2 to subcarrier map 
ping pattern B, different from Subcarrier mapping pattern A, 
as shown in FIG. 50C-1 and FIG. 50C-2. 

0359 Based on an IFFT section 111a output signal and 
IFFT section 111d output signal after the subcarrier mapping 
pattern change processing, PAPR measurement section 2602 
again measures a PAPR of each output signal. If a measured 
PAPR is greater than or equal to a predetermined value, 
Subcarrier mapping control section 2601 changes the Subcar 
rier mapping pattern again. On the other hand, if the measured 
PAPRs are smaller than the predetermined value, subcarrier 
mapping control section 2601 does not change the Subcarrier 
mapping pattern. 
0360. If PAPRs measured for all sub carrier mapping pat 
terns as a result of repeating the above processing do not 
become smaller than the predetermined value, subcarrier 
mapping control section 2601 selects the Subcarrier mapping 
pattern for which the PAPRs are lowest from among all the 
Subcarrier mapping patterns. 
0361 CP adding section 114a adds a CP (Cyclic Prefix) to 
an IFFT section 111a output signal. RF transmission section 
115a executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114a, and sends a 
post-processing signal to antenna 116a. 
0362 CP adding section 114d adds a CP (Cyclic Prefix) to 
an IFFT section 111d output signal. RF transmission section 
115d executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
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signal output from CP adding section 114d. and sends a 
post-processing signal to antenna 116d. 
0363 A control signal from control signal generation sec 
tion 112 may be transmitted using either IFFT section 111a or 
IFFT section 111d. 
0364. By means of the above configuration, it is possible 
for transmitting apparatus 2600 to transmit Subcarrier signals 
mapped to different frequency Subcarriers using a plurality of 
antennas. Also, transmitting apparatus 2600 transmits a Sub 
carrier modulation signal allocated to a first Subcarrier modu 
lation signal from one antenna, and distributes a Subcarrier 
modulation signal allocated to a second Subcarrier modula 
tion signal and transmits it from a different antenna. By this 
means, since a property of a PAPR stipulated by an IFFT 
section output signal is to be decreased by a reduction in the 
number of input subcarriers, it is possible to further reduce the 
PAPR of a second subcarrier modulation signal while main 
taining a low first subcarrier modulation signal PAPR. 
0365. Furthermore, transmitting apparatus 2600 uses a 
subcarrier mapping pattern for which a PAPR becomes 
Smaller than when distributing a second Subcarrier modula 
tion signal to different antennas. By this means, a combina 
tion of subcarrier signals for which a PAPR becomes lower 
can be selected. As a result, it is possible for transmitting 
apparatus 2600 of this embodiment to reduce a PAPR to a 
greater extent than in Embodiment 12. 
0366. In this embodiment, a case has been described in 
which transmitting apparatus 2600 is provided in a terminal 
and performs uplink transmission, but it is also possible to 
apply this embodiment to a case in which a transmitting 
apparatus that transmits a signal in which first and second 
Subcarrier modulation signals are mixed is provided in a base 
station (that is, a case in which a signal in which first and 
second Subcarrier modulation signals are mixed is transmit 
ted in downlink), as described in Embodiment 2. In this case, 
the configuration from Subcarrier mapping section 110 
onward in FIG. 10 should be replaced by the configuration 
from subcarrier mapping sections 110a and 110d onward of 
this embodiment. 

Embodiment 14 

0367 FIG. 51 shows a configuration of a transmitting 
apparatus according to Embodiment 14 of the present inven 
tion. As with transmitting apparatus 500 described in 
Embodiment 2, transmitting apparatus 2700 is provided in a 
base station, and performs downlink transmission. Transmit 
ting apparatus 2700 of this embodiment has the same kind of 
basic configuration as transmitting apparatus 500 described 
in Embodiment 2. Transmitting apparatus 2700 of this 
embodiment is equipped with a plurality of antennas. In FIG. 
51, a configuration equipped with two transmitting antennas 
is shown as an example. 
0368 FIG. 51, in which parts corresponding to those in 
FIG. 10 are assigned the same reference codes as in FIG. 10, 
shows the configuration of transmitting apparatus 2700 of 
this embodiment. 
0369. Only configuration parts that differ from Embodi 
ment 2 are described below. 
0370. Subcarrier mapping section 110a places first sub 
carrier modulation section 104 output on subcarriers based on 
control information from Subcarrier allocation control section 
501, and outputs the resulting output to IFFT section 111a. 
0371. Subcarrier mapping section 110b places second 
subcarrier modulation section 105 output on subcarriers 
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based on control information from Subcarrier allocation con 
trol section 501, and outputs the resulting output to IFFT 
section 111b. 
0372 FIG. 45 shows examples of the nature of subcarrier 
modulation signal mapping by Subcarrier allocation control 
section 501 and subcarrier mapping sections 110a and 110b. 
0373. As shown in FIG. 45A, subcarrier allocation control 
section 501 decides subcarriers to which a first subcarrier 
modulation signal is allocated and Subcarriers to which a 
second Subcarrier modulation signal is allocated. 
0374. As shown in FIG. 45B, subcarrier mapping section 
110a maps a first Subcarrier modulation signal to Subcarriers 
based on first Subcarrier modulation signal Subcarrier alloca 
tion information according to Subcarrier allocation control 
section 501. Similarly, as shown in FIG. 45C, subcarrier 
mapping section 110b maps a second Subcarrier modulation 
signal to Subcarriers based on second Subcarrier modulation 
signal Subcarrier allocation information according to Subcar 
rier allocation control section 501. 
0375. In addition to a first subcarrier modulation signal 
data signal from Subcarrier mapping section 110a, a control 
signal from control signal generation section 502 and a pilot 
signal from pilot signal generation section 113 are input to 
IFFT section 111a. IFFT section 111a performs Ns-unit-size 
IFFT processing on these input signals. 
0376. Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a first Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
0377 CP adding section 114a adds a CP (Cyclic Prefix) to 
an IFFT section 111a output signal. RF transmission section 
115a executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114a, and sends a 
post-processing signal to antenna 116a. 
0378. Meanwhile, in addition to a second subcarrier 
modulation signal data signal from Subcarrier mapping sec 
tion 110b, a control signal from control signal generation 
section 502 and a pilot signal from pilot signal generation 
section 113 are input to IFFT section 111b. IFFT section 111b 
performs NS-unit-size IFFT processing on these input sig 
nals. 
0379 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a second Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
0380 CP adding section 114b adds a CP (Cyclic Prefix) to 
an IFFT section 111b output signal. RF transmission section 
115b executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114b, and sends a 
post-processing signal to antenna 116b. 
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0381. By means of the above configuration, it is possible 
for transmitting apparatus 2700 to transmit different subcar 
rier modulation signals from each of a plurality of antennas. 
By this means, the number of subcarriers input to each of 
IFFT sections 111a and 111b can be reduced compared with 
transmitting apparatus 500 of Embodiment 2. Since a prop 
erty of a PAPR stipulated by an IFFT section output signal is 
to be decreased by a reduction in the number of input subcar 
riers, it is thus possible to achieve a PAPR decrease by means 
of the configuration of this embodiment. 
0382. A control signal from control signal generation sec 
tion 112 may be transmitted using either IFFT section 111a or 
IFFT section 111b. 
0383 FIG. 51 shows a case in which one encoding section 
101 is provided in transmitting apparatus 2700 as an example, 
but a plurality of encoding sections may also be provided, 
and, for example, provision may be made for a first Subcarrier 
modulation signal and a second Subcarrier modulation signal 
to be encoded by separate encoding sections. This also 
applies to other embodiments described later herein. 
0384. In this embodiment, reception processing can be 
performed by means of the same kind of configuration as in 
receiving apparatus 600 (FIG. 11) described in Embodiment 
2. 

Embodiment 15 

0385 FIG. 52, in which parts corresponding to those in 
FIG. 21 are assigned the same reference codes as in FIG. 21, 
shows a configuration of a transmitting apparatus of this 
embodiment. Transmitting apparatus 2800 has transmission 
power control information extraction section 1301 in the 
same way as transmitting apparatus 1300 (FIG. 13) described 
in Embodiment 5. Transmission power control information 
extraction section 1301 extracts transmission power control 
information reported from a receiver, applies this to RF trans 
mission section 115, and sends this to RF transmission sec 
tions 115a and 115b and also to subcarrier allocation control 
Section 1302. 
0386 Transmitting apparatus 2800 of this embodiment 
has the same kind of basic configuration as transmitting appa 
ratus 1300 described in Embodiment 5. Transmitting appara 
tus 2800 of this embodiment is equipped with a plurality of 
antennas. In FIG. 52, a configuration equipped with two 
transmitting antennas is shown as an example. 
0387. Only configuration parts that differ from Embodi 
ment 5 are described below. 
0388 Subcarrier allocation control section 1302 variably 
controls the ratio of first and second subcarrier modulation 
signals in Subcarrier allocation based on transmission power 
control information. Specifically, Subcarrier allocation con 
trol section 1302 performs control so that the second subcar 
rier modulation signal proportion is increased as transmission 
power decreases from maximum transmission power, as 
shown in FIG. 23. 
0389. At this time, the PAPR characteristic when the sec 
ond Subcarrier modulation signal proportion is varied is mea 
Sured in advance for each M-ary modulation value used, as 
shown in FIG. 22, and an index of the control in FIG. 23 is set 
based on PAPR maximum value Dmax when the proportion is 
made 100%. 
0390 Subcarrier mapping section 110a places first sub 
carrier modulation section 104 output on subcarriers based on 
control information from Subcarrier allocation control section 
1302, and outputs the resulting output to IFFT section 111a. 
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0391 Subcarrier mapping section 110c places second sub 
carrier modulation section 105 output on subcarriers based on 
control information from Subcarrier allocation control section 
1302, and outputs the resulting output to Subcarrier mapping 
control section 2801. 
0392 FIG. 48 shows examples of the nature of subcarrier 
modulation signal mapping by Subcarrier allocation control 
section 1302, subcarrier mapping sections 110a and 110c, 
and Subcarrier mapping control section 2801. 
0393 As shown in FIG. 48A, subcarrier allocation control 
section 1302 decides subcarriers to which a first subcarrier 
modulation signal is allocated and Subcarriers to which a 
second Subcarrier modulation signal is allocated. 
0394 As shown in FIG. 48B and FIG. 48C, subcarrier 
mapping control section 2801 distributes Subcarrier mapping 
section 110c output based on a predetermined rule, and per 
forms output to IFFT section 111a and IFFT section 111c. 
0395. Here, the second subcarrier modulation signal dis 
tribution ratio for IFFT section 111a and IFFT section 111b is 
changed based on subcarrier allocation control section 1302 
information. For example, the smaller the number of first 
subcarrier modulation signals input to IFFT section 111a 
from Subcarrier mapping section 110a, the higher the propor 
tion of second subcarrier modulation signals output to IFFT 
section 111a is made. By this means, it is possible to prevent 
either one of the number of subcarrier modulation signals 
input to IFFT section 111a and the number of subcarrier 
modulation signals input to IFFT section 111b from greatly 
exceeding the other, enabling the PAPR to be reduced. 
0396. In addition to a first subcarrier modulation signal 
data signal from Subcarrier mapping section 110a, a second 
Subcarrier modulation signal data signal from Subcarrier 
mapping control section 2801, a control signal from control 
signal generation section 112, and a pilot signal from pilot 
signal generation section 113 are input to IFFT section 111a. 
IFFT section 111a performs Ns-unit-size IFFT processing on 
these input signals. 
0397 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
Subcarriers to which a first Subcarrier modulation signal is 
mapped, and to some or all of the Subcarriers to which a 
second Subcarrier modulation signal from Subcarrier map 
ping control section 2801 is mapped. By this means, when 
transmission is performed using a plurality of antennas, infor 
mation as to which antenna a first or second Subcarrier modu 
lation signal is transmitted from need not be transmitted 
included in a control signal or the like. That is to say, reception 
processing can be performed appropriately on the receiving 
side by performing channel estimation using a pilot signal. 
0398 CP adding section 114a adds a CP (Cyclic Prefix) to 
an IFFT section 111a output signal. RF transmission section 
115a executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114a, and sends a 
post-processing signal to antenna 116a. 
0399. Meanwhile, in addition to a second subcarrier 
modulation signal data signal from Subcarrier mapping con 
trol section 2801, a control signal from control signal genera 
tion section 112 and a pilot signal from pilot signal generation 
section 113 are input to IFFT section 111c. IFFT section 111c 
performs NS-unit-size IFFT processing on these input sig 
nals. 
0400 Here, a pilot signal used for channel estimation on 
the receiving side is transmitted allocated to some or all of the 
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Subcarriers to which a second Subcarrier modulation signal is 
mapped. By this means, when transmission is performed 
using a plurality of antennas, information as to which antenna 
a first or second Subcarrier modulation signal is transmitted 
from need not be transmitted included in a control signal or 
the like. That is to say, reception processing can be performed 
appropriately on the receiving side by performing channel 
estimation using a pilot signal. 
04.01 CP adding section 114c adds a CP (Cyclic Prefix) to 
an IFFT section 111c output signal. RF transmission section 
115c executes predetermined radio transmission processing 
Such as up-conversion and transmission power control on a 
signal output from CP adding section 114c, and sends a 
post-processing signal to antenna 116c. 
0402. A control signal from control signal generation sec 
tion 112 may be transmitted using either IFFT section 111a or 
IFFT section 111C. 
0403. By means of the above configuration, it is possible 
for transmitting apparatus 2800 to transmit Subcarrier signals 
mapped to different frequency Subcarriers using a plurality of 
antennas. Also, transmitting apparatus 2800 transmits a Sub 
carrier modulation signal allocated to a first Subcarrier modu 
lation signal from one antenna, and distributes a Subcarrier 
modulation signal allocated to a second Subcarrier modula 
tion signal and transmits it from a different antenna. By this 
means, since a property of a PAPR stipulated by an IFFT 
section output signal is to be decreased by a reduction in the 
number of input subcarriers, it is possible to further reduce the 
PAPR of a second subcarrier modulation signal while main 
taining a low first subcarrier modulation signal PAPR. 
0404 Furthermore, in transmitting apparatus 2800, when 
the ratio of first Subcarrier modulation signals and second 
Subcarrier modulation signals is changed by Subcarrier allo 
cation control section 1302 in line with transmission power, 
also, the number of Subcarrier modulation signals input to 
IFFT section 111a and the number of Subcarrier modulation 
signals input to IFFT section 111c are adjusted by subcarrier 
mapping control section 2801 based on subcarrier allocation 
control section 1302 information, enabling the PAPR to be 
reduced. 
0405. In this embodiment, a case has been described in 
which transmitting apparatus 2800 is provided in a terminal 
and performs uplink transmission, but it is also possible to 
apply this embodiment to a case in which a transmitting 
apparatus that transmits a signal in which first and second 
Subcarrier modulation signals are mixed is provided in a base 
station (that is, a case in which a signal in which first and 
second Subcarrier modulation signals are mixed is transmit 
ted in downlink), as described in Embodiment 2. 

Embodiment 16 

0406 FIG. 53, in which parts corresponding to those in 
FIG. 10 described in Embodiment 2 are assigned the same 
reference codes as in FIG. 10, shows the configuration of 
transmitting apparatus 2900 of this embodiment. Transmit 
ting apparatus 2900 is provided in a base station. 
0407 Only configuration parts that differ from Embodi 
ment 2 (FIG. 10) are described below. 
0408 Transmitting apparatus 2900 has per-sector subcar 
rier allocation control section 2901. Per-sector Subcarrier 
allocation control section 2901 controls whether a first sub 
carrier modulation signal is allocated or a second Subcarrier 
modulation signal is allocated on a sector-by-sector basis. 
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04.09 Channel quality information extraction section 121 
of transmitting apparatus 2900 extracts channel quality infor 
mation transmitted from a receiving apparatus (terminal) 
from a received signal. The channel quality information is 
output to MCS control section 122 and per-sector subcarrier 
allocation control section 2901. 
0410 Per-sector subcarrier allocation control section 
2901 controls whether a first subcarrier modulation signal is 
allocated or a second Subcarrier modulation signal is allo 
cated on a sector-by-sector basis, in accordance with a previ 
ously established allocation rule. According to this allocation 
rule, different Subcarrier modulation signals are used in adja 
cent sectors. That is to say, when a first Subcarrier modulation 
signal is allocated and transmitted in a first sector, a second 
Subcarrier modulation signal is allocated and transmitted in a 
second sector adjacent to the first sector. By this means, 
interference from or to another sector can be whitened. 
0411. This is because, when the same subcarriers are used 
in adjacent sectors, the relationship to a signal of a sector to 
which a first Subcarrier modulation signal has been allocated 
ofa signal of a sector to which a second Subcarrier modulation 
signal has been allocated is as follows. Namely, for a Subcar 
rier modulation signal transmitted by a base station, in the 
case of the former a first Subcarrier modulation signal is 
transmitted as a time domain signal, whereas for the latter a 
second Subcarrier modulation signal is transmitted as a fre 
quency domain signal. Due to this relationship, since a whit 
ened frequency domain signal (or nearly whitened signal) 
inflicts interference on a time domain signal, and interference 
is whitened to a greater extent than when the same Subcarrier 
modulation signals are transmitted between sectors, the effect 
of that interference can be reduced. As a result, infliction and 
reception of interference between sectors can be reduced. 
0412 Based on the channel quality information, per-sec 
tor subcarrier allocation control section 2901 also decides 
which subcarriers in the transmission band are to be used by 
transmitting apparatus 2900 when transmitting. In addition, 
per-sector subcarrier allocation control section 2901 outputs 
a selection result as to which of a first subcarrier modulation 
signal or a second Subcarrier modulation signal is to be used 
to parser section 103 and subcarrier mapping section 110. 
0413 Control signal generation section 502 generates a 
control signal including Subcarrier allocation information and 
information on an MCS allocated to a subcarrier (MCS infor 
mation) for reporting to the receiving apparatus. 
0414 FIG. 54, in which parts corresponding to those in 
FIG. 5 are assigned the same reference codes as in FIG. 5, 
shows a configuration of a receiving apparatus of this 
embodiment. Receiving apparatus 3000 is provided in a ter 
minal. 
0415 Frequency resource allocation information extrac 
tion section 3001 extracts frequency resource allocation 
information included in a control signal transmitted by trans 
mitting apparatus 2900. Frequency resource allocation infor 
mation is information indicating which Subcarrier modula 
tion signal, a first or second, has been mapped to which 
Subcarriers. 
0416) Frequency resource allocation information extrac 
tion section 3001 sends extracted frequency resource alloca 
tion information to subcarrier mapping section 208, IDFT 
section 212, P/S section 215, and deparser section 218. 
0417. According to this embodiment, the same kind of 
effect can be obtained as with Embodiment 1. Also, using 
different Subcarrier modulation signals for adjacent sectors 
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enables interference from or to anothersector to be whitened. 
As a result, infliction and reception of interference between 
sectors can be reduced. 
0418. In this embodiment, a case has been described in 
which transmitting apparatus 2900 is provided in a base sta 
tion and performs downlink transmission, but it is also pos 
sible to apply this embodiment to a case in which a transmit 
ting apparatus that transmits either a first or second Subcarrier 
modulation signal is provided in a terminal apparatus (that is, 
a case in which transmission is performed in downlink), as 
described in Embodiment 1. In this case, per-sector subcarrier 
allocation control section 2901 should decide whether a first 
Subcarrier modulation signal is used or a second Subcarrier 
modulation signal is used according to which sector the ter 
minal belongs to. By this means, inter-sector interference can 
be reduced in the same way as when transmitting apparatus 
2900 is provided in a base station. 
0419. The disclosures of Japanese Patent Application No. 
2007-77887, filed on Mar. 23, 2007, Japanese Patent Appli 
cation No. 2007-270647, filed on Oct. 17, 2007, and Japanese 
Patent Application No. 2008-70074, filed on Mar. 18, 2008, 
including the specifications, drawings and abstracts, are 
incorporated herein by reference in their entirety. 

INDUSTRIAL APPLICABILITY 

0420. A radio transmitting apparatus and radio receiving 
apparatus of the present invention add innovation to layered 
modulation technology and can flexibly respond to a demand 
for securement of an error rate characteristic when using a 
high transmission rate, and for an increase in cell coverage, 
and can be widely applied to radio communication equipment 
Such as mobile phones, their base stations, and the like, for 
example. 

1. A radio transmitting apparatus that transmits a layered 
modulated OFDM signal, the radio transmitting apparatus 
comprising: 

a first subcarrier modulation section that forms a first sub 
carrier modulation signal obtained by converting a plu 
rality of modulation signals to a frequency domain; 

a second Subcarrier modulation section that forms a second 
Subcarrier modulation signal obtained by parallel con 
version of a plurality of modulation signals; 

an inverse Fourier transform section that forms an OFDM 
signal by performing an inverse Fourier transform on the 
first and second Subcarrier modulation signals; and 

a Subcarrier mapping section that is provided ahead of the 
inverse Fourier transform section and controls allocation 
of the first and second Subcarrier modulation signals to a 
plurality of subcarriers forming the OFDM signal. 

2. The radio transmitting apparatus according to claim 1, 
wherein the second Subcarrier modulation section modulates 
a signal having a higher degree of importance than a signal 
modulated by the first subcarrier modulation section. 

3. The radio transmitting apparatus according to claim 1, 
further comprising a band-pass filter that performs band 
limiting of the first Subcarrier modulation signal, provided 
ahead of the inverse Fourier transform section. 

4. The radio transmitting apparatus according to claim 1, 
further comprising a section that performs variable control of 
proportions of the first Subcarrier modulation signal and the 
second subcarrier modulation signal included in the OFDM 
signal. 

5. The radio transmitting apparatus according to claim 1, 
further comprising a section that performs variable control, 
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according to transmission power, of proportions of the first 
Subcarrier modulation signal and the second Subcarrier 
modulation signal included in the OFDM signal. 

6. The radio transmitting apparatus according to claim 1, 
wherein a control signal is modulated using a previously 
stipulated subcarrier modulation section of the first and sec 
ond Subcarrier modulation sections. 

7. The radio transmitting apparatus according to claim 1, 
wherein a low-rate signal is allocated preferentially to the first 
Subcarrier modulation section. 

8. The radio transmitting apparatus according to claim 1, 
wherein a high-rate signal is allocated preferentially to the 
second Subcarrier modulation section. 

9. The radio transmitting apparatus according to claim 1, 
further comprising a plurality of antennas, 

wherein the Subcarrier mapping section allocates the first 
and second Subcarrier modulation signals to a common 
Subcarrier among antennas. 

10. The radio transmitting apparatus according to claim 1, 
further comprising: 

an encoder that executes error correction encoding pro 
cessing on a transmission bit sequence; and 

a parser section that distributes output of the encoder to the 
first and second Subcarrier modulation sections, 

wherein the first and second subcarrier modulation sec 
tions include a carrier modulation section that modulates 
a post-error-correction-encoding transmission bit 
sequence input from the parser section. 

11. The radio transmitting apparatus according to claim 1, 
further comprising: 

an encoder that executes error correction encoding pro 
cessing on a transmission bit sequence; 

an interleaver that interleaves output of the encoder; and 
a parser section that distributes output of the interleaver, 
wherein the first and second subcarrier modulation sec 

tions include a carrier modulation section that modulates 
a post-error-correction-encoding transmission bit 
sequence input from the parser section. 

12. The radio transmitting apparatus according to claim 1, 
wherein the Subcarrier mapping section, when performing 
space multiplex transmission among a plurality of the radio 
transmitting apparatuses, allocates the first and second Sub 
carrier modulation signals to a common Subcarrier for 
another radio transmitting apparatus. 

13. A radio receiving apparatus that receives an OFDM 
signal formed by performing an inverse Fourier transform of 
a signal including a first Subcarrier modulation signal 
obtained by converting a plurality of modulation signals to a 
frequency domain, and a second Subcarrier modulation signal 
obtained by parallel conversion of a plurality of modulation 
signals, the radio receiving apparatus comprising: 

a Fourier transform section that obtains the first and second 
Subcarrier modulation signals by performing a Fourier 
transform of the OFDM signal; 

a first demodulation section that performs conversion to a 
time domain and demodulation of the first Subcarrier 
modulation signal; 

a second demodulation section that performs serial conver 
sion and demodulation of the second Subcarrier modu 
lation signal; and 

a decoding section that makes a likelihood of a demodula 
tion result of the second demodulation section higher 
than alikelihood of a demodulation result of the second 
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demodulation section, and performs error correction 
decoding of demodulation results of the first and second 
demodulation sections. 

14. The radio transmitting apparatus according to claim 1 
that is a radio transmitting apparatus that performs automatic 
retransmission request control in packet units, further com 
prising: 

a retransmission request detection section that detects a 
retransmission request reported from a receiving appa 
ratus, and a number of retransmission requests that is a 
number of times the retransmission request has been 
reported; and 

a Subcarrier allocation control section that variably con 
trols allocation to and placement on the plurality of 
Subcarriers of the first and second subcarrier modulation 
signals by the Subcarrier mapping section according to 
the number of retransmission requests. 

15. The radio transmitting apparatus according to claim 14, 
further comprising a Subcarrier placement information Stor 
age section that stores in advance a plurality of items of 
information on placement on Subcarriers of the first and sec 
ond Subcarrier modulation signals, 

wherein the subcarrier allocation control section selects 
Subcarrier placement information used according to the 
number of retransmissions from among Subcarrier 
placement information stored in the Subcarrier place 
ment information storage section, and performs alloca 
tion of the first and second Subcarrier modulation signals 
based on selected subcarrier placement information. 

16. The radio transmitting apparatus according to claim 15, 
further comprising a frequency resource allocation informa 
tion detection section that detects Subcarrier placement infor 
mation of the first and second Subcarrier modulation signals 
reported from a receiving apparatus, 

wherein the subcarrier allocation control section decides 
placement of allocated subcarriers of the first and second 
Subcarrier modulation signals using the Subcarrier 
placement information detected by the frequency 
resource allocation information detection section when 
the retransmission request detection section does not 
detect a retransmission request, and selects Subcarrier 
placement information from the Subcarrier placement 
information storage section and decides placement of 
allocated Subcarriers of the first and second subcarrier 
modulation signals when the retransmission request 
detection section detects a retransmission request. 

17. The radio transmitting apparatus according to claim 1 
that is a radio transmitting apparatus that performs automatic 
retransmission request control in packet units, further com 
prising: 

a retransmission request detection section that detects a 
retransmission request reported from a receiving appa 
ratus, and a number of retransmission requests that is a 
number of times the retransmission request has been 
reported; 

a Subcarrier allocation control section that variably con 
trols allocation to and placement on the plurality of 
Subcarriers of the first and second subcarrier modulation 
signals by the Subcarrier mapping section; and 

a transmission power control section that variably controls 
transmission power according to the number of retrans 
mission requests, 

wherein the subcarrier allocation control section variably 
controls proportions of the first subcarrier modulation 
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signal and the second Subcarrier modulation signal 
included in the OFDM signal according to transmission 
power controlled by the transmission power control sec 
tion. 

18. The radio receiving apparatus according to claim 13 
that is a radio receiving apparatus that performs automatic 
retransmission request control in packet units, further com 
prising: 

a storage section that stores a likelihood of demodulation 
results of the first and second demodulation sections for 
packets received up to a previous time; 

a combining section that combines the stored likelihood 
and a likelihood newly obtained from a retransmission 
packet; and 

a decoding section that performs error correction decoding 
based on a likelihood combined by the combining sec 
tion. 

19. The radio receiving apparatus according to claim 18, 
wherein: 

the combining section further comprises a weighting sec 
tion that performs different weighting based on channel 
quality for a likelihood stored in the storage section and 
a likelihood obtained by means of a retransmission; and 

the decoding section decodes a likelihood weighted and 
combined by the weighting section. 

20. A radio transmitting apparatus that transmits a layered 
modulated OFDM signal from first and second antennas, the 
radio transmitting apparatus comprising: 

a first subcarrier modulation section that forms a first sub 
carrier modulation signal obtained by converting a plu 
rality of modulation signals to a frequency domain; 

a second Subcarrier modulation section that forms a second 
Subcarrier modulation signal obtained by parallel con 
version of a plurality of modulation signals; 

a first inverse Fourier transform section that forms an 
OFDM signal transmitted from the first antenna by per 
forming an inverse Fourier transform on the first subcar 
rier modulation signal; 

a second inverse Fourier transform section that forms an 
OFDM signal transmitted from the second antenna by 
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performing an inverse Fourier transform on the second 
Subcarrier modulation signal; 

a first Subcarrier mapping section that is provided ahead of 
the first inverse Fourier transform section and controls 
allocation of the first Subcarrier modulation signal to a 
plurality of subcarriers forming the OFDM signal; and 

a second Subcarrier mapping section that is provided ahead 
of the second inverse Fourier transform section and con 
trols allocation of the second Subcarrier modulation sig 
nal to a plurality of subcarriers forming the OFDM sig 
nal. 

21. The radio transmitting apparatus according to claim 20, 
wherein the second Subcarrier modulation section modulates 
a signal having a higher degree of importance than a signal 
modulated by the first subcarrier modulation section. 

22. The radio transmitting apparatus according to claim 20, 
further comprising a Subcarrier mapping control section that 
distributes the second subcarrier modulation signal to the first 
inverse Fourier transform section and the second inverse Fou 
rier transform section. 

23. The radio transmitting apparatus according to claim 22, 
further comprising a PAPR measurement section that mea 
sures a PAPR of output signals of the first and second inverse 
Fourier transform sections, 

wherein the Subcarrier mapping control section changes a 
Subcarrier mapping pattern of the second Subcarrier 
modulation signal according to a measured PAPR. 

24. The radio transmitting apparatus according to claim 22, 
wherein the subcarrier mapping control section changes a 
distribution proportion of the second subcarrier modulation 
signal input to the first inverse Fourier transform section 
according to a number of the first Subcarrier modulation sig 
nals input to the first inverse Fourier transform section. 

25. The radio transmitting apparatus according to claim 1, 
further comprising a per-sector Subcarrier allocation control 
section that controls whether a first subcarrier modulation 
signal is transmitted or a second Subcarrier modulation signal 
is transmitted on a sector-by-sector basis. 
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